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Neutral fat in large amounts appears in the livers of completely 
depancreatized dogs kept alive with insulin and a diet which, 
though lacking in pancreas, contains an excess of all constituents 
essential for maintenance of the normal dog (1, 2). A time factor 
has been shown to exist in the development of the lipid deposits. 
Although as much as 32 per cent fatty acids may appear in the 
liver as early as 3.5 weeks after pancreatectomy, approximately 
20 weeks were necessary to establish livers containing an excess 
of 14 per cent fatty acids in a large series of dogs. These fatty 
deposits apparently remain for long periods thereafter and in a 
single dog a fatty liver was noted as late as 3 years after pancrea- 
tectomy. A spontaneous decline in the fat content of the liver 
may occur, however, if the animal survives long enough. In three 
dogs that had survived for 4.2 to 5.5 years, approximately normal 
percentages of fatty acids were found, although the total amount 
of fatty acids present was still in excess of the normal, owing to 
the fact that the size of the liver##@ffed to regress as the fat left it. 

The mechanism for the production of these fatty livers is still 
obscure. Certain factors that influence this condition have been 
determined. Both pancreas and choline have been shown to 
possess curative and preventive actions (2-4). The curative 
effect of both was found to be slow; a feeding period in excess of 
16 weeks was required to restore a fatty liver to normal. The 


* Aided by grants from the Christine Breon Fund for Medical Research 
and the Melville Luther Montgomery Donation. Assistance was also 
furnished by the Works Progress Administration (Official Project No. 
665-08-3-30, Unit A6). 
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388 Effect of Ligation of Pancreatic Ducts 


active factor (or factors) is heat-stable, for after being autoclaved 
at 20 pounds pressure for 30 minutes pancreas was still found to 
possess preventive and curative actions (2). This suggests that 
the factor is not enzymatic in nature. Recently Dragstedt et al. 
(5) claimed there exists an internal secretion of the pancreas having 
to do with the control of fat metabolism in the liver, the absence 
of which explains the occurrence of fatty livers in depancreatized 
dogs. But their failure to keep their depancreatized dogs alive 
for any length of time has led to criticism of their work (6). Their 
use of histological examination of microscopic sections instead of 
chemical analyses for fat determinations is open to question, the 
more so since it was found in this laboratory that fat is not neces- 
sarily distributed equally throughout livers containing it in 
moderate amounts (7). Finally, they did not rule out adequately 
the curative effect of the choline in their extract before claiming 
that it contained a new hormone. 

Although the above findings refer to the fatty liver only of the 
depancreatized dog, a number of workers have employed normal 
rats fed high fat diets in an attempt to solve this problem. But 
it has been pointed out elsewhere that, although choline affects 
similarly the fatty livers of rats fed a high fat, low protein diet and 
those of depancreatized dogs fed a low fat, high protein diet, the 
evidence available at present does not permit the conclusion that 
the mechanism whereby these two types of fatty liver occur is the 
same (3). It may not be admissible to employ an animal already 
supplied with pancreatic juice and an intact pancreas in experi- 
ments designed to test the presence or absence of a new pancreatic 
factor (hormone). Moreover, so far as these investigations (8-10) 
have gone, they have yet to show uniformly that the effects of an 
extract of the pancreas upon the fatty liver of the normal rat 
cannot be explained by its choline and protein content. 

In order to investigate the mechanism for the production of fatty 
livers in depancreatized dogs, it seemed desirable at the outset to 
determine the relation of the deposition of fat to the external 
secretion of the pancreas, since pancreatectomy, in addition to 
removing all islet tissue, completely eliminates the pancreatic juice 
from the intestinal tract. Pancreatic juice can be excluded either 
by fistula or by duct ligation. The interpretation of experiments 
in which the pancreatic juice was removed by a fistula is beset with 
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difficulties, since no reports have yet appeared in which the animals 
were maintained in a satisfactory state for long periods. In 1935 
Aubertin et al. (11) reported fatty livers in three dogs subjected 
to ligation of the pancreatic ducts, and this finding has been more 
recently confirmed by Ralli et al. (12) and by Person and Glenn 
(13). On the other hand Dragstedt and his coworkers (14) con- 
cluded that fatty livers do not occur in dogs subjected to this 
surgical procedure. 

In the present investigation the effects of ligation of the pan- 
creatic ducts upon the lipid content of the liver of the dog are 
studied. It is shown that complete ligation of the ducts produces 
fatty livers, provided that sufficient time is allowed to elapse after 
the operation. It is also shown that the deposition of abnormal 
amounts of lipids observed under these conditions can appear in 
the absence of weight loss and can be completely inhibited by the 
addition of raw pancreas to the diet. 


EXPERIMENTAL 


Method of Ligation of Pancreatic Ducts—Dogs were used through- 
out this investigation. With aseptic precautions the two main 
pancreatic ducts were exposed under general anesthesia, doubly 
ligated, and divided between the ligatures. A second ligature was 
placed around the stump of each duct on the pancreatic side of 
the division, and by means of this ligature the duct stump was 
drawn through a tunnel prepared in the gland and ligated to the 
mesenteric attachment of the pancreas. This procedure was 
designed to prevent the reestablishment of the external secretory 
system of the pancreas with the duodenum. It was successful in 
all but one of the twenty dogs. 

A meticulous dissection was made of all connections of the pan- 
creas with the duodenum from the region of the pylorus to a point 
at least 2 cm. below the location of the lower pancreatic duct, at 
which level the gland is separated from the bowel by a distance of 
1.5 to 2.0cm. These attachments were scrutinized carefully, and 
all but the major blood vessels were divided. All possible ductal 
communications were thereby interrupted. As a further precau- 
tion against ductal recanalization the pancreas and duodenum 
were kept apart by rather large tongues of omentum, which were 
pulled in through the arches formed by the attached vessels and 
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made to fill the space left by the dissection of the pancreas from 
the duodenum. These omental tongues were then sutured in 
place. 

Care and Maintenance of Animals—aAll dogs selected possessed 
excellent appetites. Before the operation they were brought into 
good nutritional state by means of a diet high in lean meat, vita- 
mins, and bone ash. Food was withheld for 1 day before and 1 
day after the operation. The animals recorded below experienced 
no loss in appetite as a result of ligation of the ducts; they con- 
tinued to eat all food placed before them. They were fed twice 
daily, at8.00a.m. and 4.00p.m. In view of the impaired absorp- 
tion resulting from the absence of pancreatic juice, considerable 
attention was paid to the vitamin content of the diet. All dietary 
mixtures were supplemented with vitamin sources: A and D as 
cod liver oil,! the vitamin B complex? in the form of a concentrate 
obtained from rice bran. This concentrate contained about 50 
1. U. of vitamin B (B,) per ce. and 10 modified* Bourquin-Sherman 
units of vitamin G (flavin) per ce.; the same concentrate has also 
been shown to be a good source of both rat and chick antiderma- 
titis factors (15) and the P-P factor. Each gm. of the cod liver 
oil contained not less than 1800 vitamin A units, v.s.p., and not 
less than 175 vitamin D units, u.s.p. Salts were added to the 
diet either as bone ash or as Cowgill’s salt mixture (16). 

Livers were taken for analyses between 8.00 and 9.00 a.m.; the 
dogs had received their last meal (or last meal and injection of 
insulin) at 4.00 p.m. of the previous day. This state of the animal 
in which it has been deprived of both food and insulin for 16 hours 
is hereafter referred to as the postabsorptive state. 

The liver was removed after the animal had been anesthetized 
with sodium amytal. A mixed sample of the whole liver was used 
for lipid estimation; the methods of sampling and of lipid estima- 
tions have been previously described (1). Blood sugar was deter- 
mined with the copper-iodometric reagent of Shaffer and Somogyi 


1 The standardized cod liver oil was kindly furnished by Mead Johnson 


and Company. 
? The vitamin B concentrate was kindly furnished by Vitab Products, 


Inc., Emeryville, California. 
3 The basal diet for rat assay was modified to supply the rat and chick 


antidermatitis factors. 
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(17), while the filtrate was obtained by the precipitation of blood 
with zine hydroxide (18). 

Examination for Completeness of Duct Ligation—It was stated 
by Macleod, in reviewing earlier work (19), that “‘the chief objec- 
tion to duct ligation investigations depends on the uncertainty 
that the secretory pathway has really been permanently blocked.” 
Hence in the present study great care was exercised to insure 
complete severance of all communications between pancreatic 
ducts and duodenum. Of the twenty dogs used only one (Dog 
E-27*) showed recanalization; this was recognized by the persist- 
ence of grossly evident acinous tissue and by the fact that dissec- 
tion showed a very minute but definite communication at the site 
” of the lower pancreatic duct. In all the nineteen dogs recorded in 
Tables I to III, the completeness of duct ligation was confirmed 
by careful inspection and dissection at necropsy; the characteristic 
appearance of acinous tissue was absent and the gland was greatly 
atrophied. In all nineteen animals the remnant of pancreatic 
tissue found at the end of the period of observation was character- 
ized by absence of the pink-yellow color of the normal gland. In- 
stead, the residual structure showed fine to moderately coarse 
lobulations arranged radially around the pancreatic ducts in the 
middle half of the gland and spread out at either end as a fan-like 
process within the mesentery. These elements were more deeply 
colored than the normal gland and in many instances had a semi- 
translucent appearance. It was also observed that the glandular 
tissue that remained was usually much more abundant in the 
proximal third of the gland. The least amount of glandular ele- 
ments was found in the medial third. The amount of gland found 
in the distal third was quite variable. At no place in the fanned- 
out areas was glandular tissue found to be thicker than 1.5 mm. 


Results 


Liver Lipids of Duct-Ligated Dogs Maintained on Lean Meat 
Diet—The lipid constituents found in the livers of nine dogs main- 
tained on a high meat diet (with or without the addition of sucrose) 
for varying periods after duct ligation are shown in Table I. 
Three livers obtained from animals at intervals of 21 to 24 weeks 


‘Normal amounts of fatty acids were found in the liver of this animal. 
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after the operation contained 11.4, 13.5, and 29 per cent fatty 
acids. Three other dogs were examined 16 to 18.5 weeks after 
ligation; their livers contained 18 to 21 per cent fatty acids. The 
other three were maintained for 12 to 14.5 weeks after the opera- 


TaBLe | 


Liver Lipids of Duct-Ligated Dogs* Maintained on Lean Meat 
(with or without Sucrose) Diet 


Weight z ‘ Lipids Diett 
OrIeae | > 
| & EY Zig 
No.} 3 | a: - = ail P _ Condition at end of 
and sex - Ls = 3 S g period of observationt 
1 E |. lgeel & [Sei fe} 2a) 2) 3 
12 | 2 i333 E38) 25 | 28 gs 
. « |uilie |e &. |a|@ 
| preg oS Pan aa r 
kg kg. wks gm. | aoe ne ee gm. gm. 


E-7 9 11.6 8.0 | 24 | 360 (0.41 11.4 | 1.75 165 35 Thin 

E-9 2 | 9.0 5.8 | 23 | 310 0.6213.5 | 2.04 135 27 Weak and ema- 
| =? | | | ciated 

E-12 9 | 9.6 8.9 21 | 370 0.66:29.0 | 1.41) 250 50 | Good nutri- 
| tional state 


E-13 @ | 11.0) 8.6 | 14.5, 290 0.41 11.5 | 2.04) 250 50 | Weak 


E-20 # | 12.0 6.6 | 12 | 510 (0.3235.5 | 1.93 305 | Very weak and 
| cd | emaciated 

E-23 9 | 15.0 6.7 | 13.5 140 (0.51) 2.67 2.48) 350 _ 

E-29 9 | 10.5 8.4 | 18.5 220 (0.3117.7 | 2.06) 282 Good condition 

E-31 @ | 15.8 8.1 | 18.5) 300 (0.4220.6 1.79 362) | Very weak at 
| end 

E-34 #7 11.4 5.0 | 16 255 0.36,19.6 —:1.84) 295 Extremely weak 


and emaciated 


Matai A : a 


* Completeness of ligation of ducts confirmed at necropsy. 
t The constituents in amounts recorded were fed twice daily at 8.00 
a.m. and at 4.00 p.m. Vitamin supplements were added either daily or 
twice weekly. Each animal received approximately 25 cc. of cod liver oil 
and 30 ec. of the vitamin B concentrate per week. 2 gm. of Cowgill’s salt 
mixture (15) were added daily. 

t All the dogs showed good appetites throughout the period of ob- 
servation. 


tion; of these three the livers of Dogs E-13 and E-20 contained 
respectively 11.5 and 35.5 per cent fatty acids, whereas the liver 
of Dog E-23 showed a normal lipid content; namely, 2.7 per cent 
fatty acids. Thus, eight of the nine dogs in which the pancreatic 
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juice had been excluded from the intestinal tract showed a fat 
content in their livers greater than normal. 

All dogs recorded in Table I showed a loss in weight after duct 
ligation despite the fact that each maintained a vigorous appetite 
throughout, ingesting rapidly the large amounts of food placed 
before it. Dogs in which the weight loss was particularly marked 
suffered from muscular weakness toward the end of the period of 
observation. 

The sugar content of the blood was repeatedly determined in 
these dogs while in the postabsorptive state. With the exception 
of Dog E-20, the fasting blood sugar values fluctuated between 
62 and 92 mg. per cent. Sugar levels of 75 to 82 mg. per cent 
were found in Dog E-20 during the first 9 weeks after duct ligation; 
a day prior to removal of the liver Dog E-20 showed a blood sugar 
of 127 mg. per cent. 

Liver Lipids of Duct-Ligated Dogs Maintained on a Meat-Sucrose 
Diet and Insulin’—Marked atrophy of the pancreas was observed 
in all dogs when examined several months after duct ligation. 
While it is generally agreed that the acinous tissue rapidly degener- 
ates after duct ligation, conflicting reports have appeared as to 
whether similar changes occur in the islands of Langerhans. 
Atrophic changes have been reported in the islet tissues as a result 
of duct ligation. It is important to note, therefore, that consider- 
able degeneration of islet tissue could occur without affecting the 
fasting blood sugar, since it was shown many years ago that a large 
part of the pancreas has to be removed in order to induce diabetes 
in the dog (20). Hence the normal blood sugars recorded above 
do not necessarily rule out some possible islet changes in the 
atrophied pancreas. Since it is not inconceivable that different 
levels of the antidiabetic hormone may be required to control the 
carbohydrate and fat metabolism, it seemed desirable to control 
the possible lack of insulin in duct-ligated dogs by administering 
it. In Table II are shown the liver lipids of four dogs which had 
received twice daily 8 units of insulin in addition to a diet contain- 
ing lean meat, bone ash, sucrose, and vitamin supplements. The 
insulin was injected at the same time that the dogs were fed the 
dietary mixtures. It has previously been established that this 


* The insulin was generously donated by Eli Lilly and Company. 


re ee ayo 


i 
‘ 


















394 Effect of Ligation of Pancreatic Ducts 


amount of insulin is sufficient to prevent the deposition of ab- 
normal amounts of lipids in the depancreatized dog when pancreas 
is present in the diet (2). 

The results (Table I1) show that the administration of 8 units of 
insulin twice daily failed to inhibit the abnormal deposition of 
lipids in the livers of these dogs. The livers of three animals con- 
tained 14.7, 20.4, and 34.2 per cent fatty acids. The liver of the 
fourth (Dog E-25) contained 6.3 per cent. In previous reports it 


TABLE II 


Liver Lipids of Duct-Ligated Dogs* Maintained with Insulin and 
Lean Meat-Sucrose Diet 








Weight Period Lipids 
Dog No. and | pm ne Liver - 
ons Preopera- Final tier dusk weight nd Total Phospho- 
tive =e ligation em | fatty acids lipids 
4 wa gy he Velie 3 percent | per cent owed 
E-21 9f 5.0 | 6.7 20 255 | 0.28 | 14.7 | 1.60 
E-22 9ft 5.0 | 5.6 20 275 =| «0.39 20.4 1.69 
E-25 9ft | 9.0 | 7.6 20 |= 185 0.32 6.32 1.98 
E-30 @ft | 13.5 12.3 16 470 1.03 34.2 1.85 





* All dogs were in good nutritional state during the entire period of ob- 
servation; their appetites were good throughout. Completeness of liga- 
tion of ducts confirmed at necropsy. 

t Received twice daily 250 gm. of lean meat, 25 gm. of sucrose, and 7 
gm. of bone ash. Vitamin supplements added twice weekly. Each dog 
received approximately 25 ec. of cod liver oil and 30 ec. of the vitamin 
B concentrate per week. 

t This dog received 250 gm. of lean meat, 25 gm. of sucrose, and 7 gm. 
of bone ash twice daily for the first 6 weeks after duct ligation. The su- 
crose was then increased to 50 gm. twice daily. 7 weeks later the sugar 
was reduced to 25 gm. twice daily and this amount was fed the rest of the 
period of observation. During the last week convulsions appeared on 
three occasions. Low blood sugars were found at these times. 


was found that the livers of normal dogs contained 1.8 to 2.3 
per cent fatty acids (1). 

A striking feature of the four dogs recorded in Table II is the 
absence of the marked loss in weight that was observed in the dogs 
recorded in Table I. The weights of Dogs E-25 and E-30 fell from 
a preoperative level of 9.0 and 13.5 to 7.6 and 12.3 kilos 20 and 
16 weeks respectively after duct ligation. Dogs E-21 and E-22 
showed no weight loss at all during the period of observation after 
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duct ligation; indeed the former gained 1.7 kilos after the opera- 
tion. As noted above, the complete ligation of the ducts in these 
four dogs was confirmed at necropsy. 

Postabsorptive blood sugars were repeatedly examined in these 
dogs during the period of observation following duct ligation. 
The blood sugar in Dogs E-21, E-22, and E-25 fluctuated between 
66 and 97 mg. per cent. Dog E-30 was more sensitive to insulin, 
for blood sugars as low as 35 and 45 mg. per cent were observed at 


Taste III 


Liver Lipids of Duct-Ligated Dogs* Maintained on Lean Meat-Raw 
Pancreas Diet 


Weight Period Lipids Diett 
main- 

a 4 2 oy Le A Total | Total | Phos- Raw 
‘ative | Fiaal | duet spate | fone | BS | met | 2a 

kg. kg. wks. gm. percent percent per cent gm. gm. 

E-15 9 17.7 18.9 20 345 0.24 1.87 1.82 | 265 125 
E-17 9 9.0 8.9 20 220 0.25 2.28 | 2.18 | 135 125 
E-19 @ 7.8 8.9 20 220 0.26 | 3.10 | 2.7] 117 125 
E-24 2 10.5 | 10.0 20 270 0.27 | 2.84 | 2.78 | 157 125 
E-33 o | 14.4 15.3 20 285 0.24 3.49 | 2.33 | 215 125 
E-28 ¢@ 8.9 8.3 22 270 0.23 2.90 | 2.55 | 133 125 


* All dogs were in good nutritional state during period of observation; 
appetites good throughout. Completeness of ligation of ducts confirmed 
at necropsy. 

t The constituents listed were fed twice daily. Vitamin supplements 
and 2 gm. of Cowgill’s salt mixture were added daily. Each dog received 
approximately 25 cc. of cod liver oil and 30 ce. of the vitamin B concen- 
trate per week. 

t Amount of lean meat given was based on initial weight of dog: 30 gm. 
of lean meat per kilo per day. 


two intervals after duct ligation. It was this sensitivity to the 
hormone that led to the temporary increase in the carbohydrate 
of the diet recorded for this dog in the foot-note of Table IT. 

Liver Lipids of Duct-Ligated Dogs Maintained on Diet of Lean 
Meat Plus Raw Pancreas—The dogs recorded in Table III received 
125 gm. of raw pancreas twice daily in addition to the dietary 
mixture of meat, salt, and vitamins. The livers examined 20 
weeks after all pancreatic secretions had been excluded from the 
intestinal tract contained normal amounts of total fatty acids; 
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namely, 1.9 to 3.5 per cent. Thus the ingestion of the raw 
glandular tissue completely inhibited the deposition of abnormal 
amounts of fat in the livers of these duct-ligated dogs. It is 
interesting to note that the ingestion of pancreas prevented the 
marked loss in weight observed in the dogs of Table I. In three 
of the six dogs of Table III distinct gains were observed 20 weeks 
after ligation of the ducts. 

It has previously been shown that between 0.25 and 0.23 per 
cent total cholesterol is present in the livers of normal dogs (1). 
The livers of duct-ligated dogs in which the lipid infiltration had 
been prevented by the ingestion of raw pancreas contained approx- 
imately the same amount; namely, 0.23 to 0.27 per cent of the wet 
weight of the tissue (Table III). An increase in total cholesterol 
was observed in the fatty livers shown in Tables I and Il. This 
increase occurred mainly in the esterified portion of the choles- 
terol, as was previously noted for the depancreatized dog (1, 2). 
Marked variations in phospholipid content of the liver were not 
observed in the dogs maintained under the various conditions 
shown in Tables I to III. 


DISCUSSION 


Fatty livers are produced in dogs by ligation of the pancreatic 
ducts, a procedure that excludes the external secretion from the 
intestinal tract. A variability in the amount of lipids deposited 
was noted, and in this respect the duct-ligated dog resembles the 
completely depancreatized dog maintained with insulin (2). De- 
spite the extreme emaciation observed in some of the dogs recorded 
in Table I, there is no reason for believing at present that the fatty 
livers are the result of loss in weight, since fatty livers were also 
found in dogs in which either a slight loss or an actual gain in 
weight was observed as late as 20 weeks after ligation of all the 
pancreatic ducts (Table II). As previously noted for the com- 
pletely depancreatized dog (2), the fattiness of liver produced by 
duct ligation is completely prevented by the addition of raw pan- 
creas to the diet. The similarity of this action of pancreas in the 
duct-ligated dog and in the completely depancreatized dog main- 
tained with insulin suggests that the mechanism whereby fatty 
livers are produced in the two types of animal preparations is the 


same. 
While no complete explanation can be offered at present for the 














Montgomery, Entenman, and Chaikoff 397 


deposition of fat in the liver after exclusion of pancreatic juice 
from the intestine, the following possibilities may be considered: 

1. A substance is excreted by the pancreas into the intestine 
that is necessary for the prevention of fatty livers. 

2. The pancreas contains an internal secretion (in addition to 
insulin) that prevents fatty livers, and its production is destroyed 
either by the pressure resulting from the ligation of the ducts or 
by the associated atrophy of the gland. The experimental data 
offered by Dragstedt and his coworkers (5) in this connection 
have been dealt with above and need no further mention here. 

3. The pancreatic juice or raw glandular tissue is only indirectly 
involved by making possible the absorption of some dietary 
constituent which inhibits the deposition of abnormal amounts of 
fat in the liver. Two factors may be referred to, protein and 
choline. It is well known that the digestion and absorption of 
proteins are interfered with when the pancreatic juice is excluded 
from the intestine. Channon and Wilkinson (21) and Best and 
Channon (22) have shown that a low protein diet will produce 
fatty livers in rats. It was first shown by Best et al. (4) and con- 
firmed by Kaplan and Chaikoff (3) that choline, when fed as such, 
prevents and cures the fattiness of the liver of the completely 
depancreatized dog maintained with insulin; although the in- 
activity of the large amounts of choline present in meat was noted, 
it was nevertheless suggested that in the absence of pancreatic 
enzymes the choline combined in the lecithin of the meat is not so 
readily available to the animal as free choline. 


SUMMARY 


The effects of complete occlusion of the pancreatic ducts on liver 
lipids were investigated. 

1. Fatty livers were observed in dogs examined at intervals of 
12 to 24 weeks after complete disconnection of pancreatic ducts 
and intestine. 

2. Fatty livers were observed in duct-ligated dogs fed a diet 
containing no raw pancreas regardless of whether they showed a 
marked loss, a slight loss, or no loss in body weight. 

3. The addition of raw pancreas to the diet after duct ligation 
prevented the abnormal deposition of lipids in the liver. 

4. The mechanism of the production of these fatty livers is 
discussed. 
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METHIONINE STUDIES 
II. d-METHIONINE SULFOXIDE* 


By GERRIT TOENNIES anp JOSEPH J. KOLB 
(From the Lankenau Hospital Research Institute, Philadelphia) 


(Received for publication, February 17, 1939) 


In the light of preceding studies on the oxygenation of sulfur 
in the biologically occurring disulfide cystine and the mercaptan 
cysteine (1, 2) the behavior of the sulfide methionine toward 
peroxidic oxygen appeared of definite interest. In this connection 
we have recently reported the isolation of dl-methionine sulfoxide 
(3). It is the purpose of the present paper to communicate a 
simple method for the preparation of this compound and to 
render a more detailed account of some of its properties. 


EXPERIMENTAL 


Preparation—A simpler and more satisfactory method than 
that reported earlier (3) is as follows: Dissolve 200 mm of dl- 
methionine by means of concentrated hydrochloric acid (about 
220 mm, 10 per cent excess), 150 cc. of water, and 250 cc. of meth- 
anol. Add 240 mm (about 20 per cent excess) of hydrogen per- 
oxide in the form of its 30 per cent solution and some water to 
make the volume about 500 cc. (this is done in a volumetric flask 
if it is desired to follow the oxidation by titration). After the 
well mixed solution, which will require some cooling under the 
tap in the beginning, has been allowed to stand for 20 to 30 
minutes, add about 230 mm (5 per cent excess) of amylamine 
(Sharples Solvents Corporation) and methyl alcohol equal to 
about one-half of the total volume of the reaction mixture. If a 
product free of dust or other insoluble particles is desired, filter 
the solution at this point through a Jena fritted glass filter (po- 
rosity No. 3). Add 3 volumes of acetone (about 2400 cc.) which 


* Aided by a grant from the Blanche and Frank Wolf Foundation, Inc. 
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will precipitate the sulfoxide. The precipitate may be filtered off 
as soon as the supernatant liquid becomes clear (about 10 min- 
utes). If left standing for a considerable period the precipitate 
is much more difficult to filter and some discoloration may be 
present. About six resuspensions in 500 cc. portions of acetone 
produce a negative chloride test, indicating substantial absence of 
amylamine hydrochloride. The white, powdered substance is 
dried by being left overnight in the air and finally heated for 1 
hour at 100°. The yield is 95 per cent of the-calculated amount. 

General Properties—Titration of basic groups by the perchloric- 
acetic acid method (4) gave' a mean equivalent weight of 165.1, 
while titration of acid groups by the thymol blue-sodium methy- 
late method (5) gave® values of 164.9 and 165.3. The calcu- 
lated acid or basic equivalent weight is 165.2. Different prepa- 
rations showed the same decomposition range of about 225-230°. 
20 hours heating at 102° left the substance unchanged as far as 
appearance, per-oxygen content (cf. ‘“Reduction’’), and odor’ are 
concerned. Likewise, an aqueous solution, after several weeks 
standing, showed no evidence of chemical changes, according to 
per-oxygen content and pH. 

The solubility of the compound in water is very high; at about 
25° it corresponds to 66 gm. per 100 gm. of water. The density 
of this solution is 1.157 and the molarity 2.80. The solubility 
exceeds that of most other a-amino acids and is about 12 times 
that of the (molar) solubility of the parent substance dl-meth- 
ionine. 

1 The behavior at the end-points indicates a lower basicity than that 
of the ordinary neutral amino acids (4): on direct titration the yellow end- 
point is ill defined; the green end-point gave an equivalent weight of 164.8 
and 165.3. Titration in presence of 1 cc. of formic acid and 20 cc. of acetic 
acid gave, for the mean value between the green and yellow end-points 
(0.10 ec. of 0.10 n HCIO, difference), 165.0 and 165.1. 

? About 1 mM was dissolved by 0.3 or 0.4 cc. of H,O, and titrated, after 
addition of 2 drops of 0.003 m thymol blue-sodium salt in methanol, with 
0.1 ~w NaOCH; in methanol to a blue end-point. The blank correction to 
be deducted was obtained by titrating to the same color after adding to 
the titrated solution water, indicator, and methanol in amounts equal to 
those already present. 

3 The characteristic ‘‘methionine’’ odor, which has been described as 
that of boiled cabbage, was noted on all specimens, even after several 
reprecipitations. 
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Reduction—The substance is not reduced, nor does it apparently 
otherwise interfere, in the cystine determination at pH 5 by 
Folin’s reagent (6). Our preparations gave a disulfide test cor- 
responding to a cystine content of 0.05 per cent, presumably 
owing to some impurity of the synthetic dl-methionine used which 
showed a similar value (0.03 per cent) and a sulfur content of 
21.9 per cent (calculated 21.5). By hydriodic acid, under the 
conditions established by Lavine (7) for the complete reduction of 
cystine disulfoxide, the compound is reduced to an insignificant 
extent. However, by further increasing acidity and iodide con- 
centration, conditions are reached where practically complete 
reduction prevails. This is shown by determinations in which 
1 mm of the sulfoxide was allowed to react (in the dark), in a total 
volume of 10 cc., with different concentrations of freshly distilled 
hydriodic acid, while 1 or 2 ec. samples were periodically with- 
drawn and, after dilution with 10 to 20 volumes of water, titrated 
with 0.025 n thiosulfate. Blank values were obtained under 
identical conditions, except for omission of the sulfoxide. The 
fraction of the calculated amount of iodine found was, with 3.8 
m HI, 11, 57, 70, 81, 92, 98 per cent, after 6, 30, 60, 100, 140, and 
180 minutes respectively, but when 7.6 m HI (57 per cent) was 
used the percentages were 95, 97, 97 after 3, 24, and 48 minutes. 

Attempts were made to circumvent the inconveniences attend- 
ing the use of concentrated, hypophosphite-free, hydriodic acid. 
Combinations of hydrochloric or hydrobromic acid and soluble 
iodides of sufficiently high concentration cannot be used because 
iodine is not stable in such solutions (3.7 m Lil + 3.4 m HCl or 
HBr) owing to the formation of the iodine halides (ICI, IBr). 
Decolorization of iodine also takes place in sulfuric acid solutions 
of lithium iodide (3.7 m Lil and 5 m H.SO,), accompanied by 
formation of hydrogen sulfide, as well as in the presence of phos- 
phoric acid (3.7 m Lil and 7.4 m H;PO,). The problem was 
solved by the use of perchloric acid. lodine proved to be per- 
fectly stable in perchloric acid solutions of sodium iodide. This 
salt was used because it is solubie to the extent of 8 M at room 
temperature and because the solubility of sodium perchlorate is 
much higher than that of lithium perchlorate. 8 m sodium iodide 
solution when stored in the dark develops little iodine color. Re- 
duction in 2 m HCIO, and 4 m Nal was found to be much slower 
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(34 per cent completion after 3 minutes, 97 per cent after 100 
minutes) than in 4 m HClO, and 4 m Nal (97 per cent after 2 
minutes), while in 4 m HCIO, and 2 m Nal the maximum value is 
obtained after 30 to 60 minutes. The latter concentrations 
(with 0.1 m sulfoxide) were adopted as being most convenient 
practically. An experiment made for the purpose of testing the 
precision and accuracy of the method is reproduced in Table I. 
The 5-fold increase in the ratio HI to sulfoxide which forms part 


TABLE I 


Reduction of dl-Methionine Sulfozide in Sodium lodide-Perchloric Acid 
Solution 


All three solutions were kept in the dark except when samples were 
drawn. Samples were pipetted into 5 volumes of water (10 cc. and 50 ee. 
respectively) and titrated with 0.02484 n Na,S.O; which had been standard- 
ized against iodate as well as against copper. The burette was calibrated, 
while pipettes and volumetric flasks were used without corrections. In 
calculating the results one-fifth of the blank values of Column 4 were sub- 
tracted from the values of Column 2, and the full values of Column 4 from 
those of Column 3. The thus corrected mean value of Column 2 is 99.91 
+ 0.03 per cent, and that of Column 3, 99.76 + 0.06 per cent of the the- 
oretical. 





Iodine liberated by 


165.0 mg. methionine | 165.3 mg. methionine | No methionine sulf- 





Time | sulfoxide in 10 cc. 2.0m | sulfoxide in 50 cc. 2.0m| oxide, 50 ce. 2.0 m 
Nal + 4.1m HCIOy, | Nal+4.1mHCIOy, | Nal + 4.1m HCI, 
per 2 cc. sample per 10cc.sample |_ per 10 cc. sample 
(1) (2) | (3) (4) 
min. | ec. Na2S203 ec. Na2S203 ec, Na2S203 
60 16.12 16.30 0.22 
100 16.14 16.40 0.34 
140 16.16 16.45 0.36 
16.56 | 0.48 


180 


of this experiment leaves the result substantially unchanged, 
suggesting that the reaction is complete and the blank correction 
valid. The product used, which was obtained as described above 
without further purification, thus may be considered 99.8 to 
99.9 per cent pure. 

It seemed of interest to establish the behavior of methionine 
sulfoxide with cysteine. The two compounds (l-cysteine (8) was 
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used) were combined in the ratio corresponding to the reaction 
2 cysteine + 1 methionine sulfoxide = 1 cystine + 1 methionine 
+ 1 H,O, and the progress of interaction was observed polari- 
metrically. The results, in water and in 2 m HCIO,, are repro- 
duced in Fig. 1. They show a slow reaction, somewhat faster in 
acid than in neutral solution, the rate of which is consistent with 








HOURS SO 100 150 200 


4 A. 4. 





Fic. 1. The reaction between di-methionine sulfoxide and /-cysteine. 
© 0.25 m methionine sulfoxide and 0.50 m cysteine in 2 m HCIO,. The 
specific rotation of l-cystine (0.25 m) dissolved with dl-methionine (0.25 m) 
in 2 m HCIO,, according to the presumed final state in this reaction, was 
in a separate experiment found to be [a] = —258°. This value is indicated 
by the dotted horizontal line. @ 0.21 m methionine sulfoxide and 0.42 m 
cysteine in H,O. In this series four separate experiments (6 cc. in 10 cc. 
volumetric flasks) were started simultaneously; cystine precipitation was 
in evidence after 2 hours; optical readings were obtained by adding, to each 
sample at the time shown in the graph, perchloric acid to make the con- 
centration 2 M, and water to make the total volume 10 cc. Temperature 
25-28°. The ordinate represents specific rotations, calculated for cystine. 


the assumption of a bimolecular process as the rate-controlling 
step. 


MSO + RSH — MS + RSOH (slow) 
RSOH + RSH — RSSR + H,O (fast) 
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The sloWhess of this reaction of the monosulfoxide of methionine 
contrasts with the instantaneous reaction of cystine disulfoxide 
(7) which is related to the instability of the —S—S— linkage. 

Salts—The aqueous solution gives no precipitate with mercuric 
chloride, neither directly, as does methionine, nor on neutraliza- 
tion. With cupric acetate, which in a pure methionine solution 
causes immediate crystallization of the copper salt, the sulfoxide 
gives a deep blue color, but no insoluble product. A character- 
istic derivative of the sulfoxide is the picrate, obtained by dis- 
solving equimolar amounts of the two components in a small 
amount of hot water. On cooling a fine yellow precipitate crys- 
tallizes. 


mol, wt. 

CsH,,OsNS-C.H;O7N;........ brawwe . 894.2 

Found acidimetrically (brom-cresol green, NaOH).... 397.5 
‘* jodometrically (cf. ‘‘Reduction’’)..... a 


Methionine gives no crystalline salt under similar conditions, 
two oily layers resulting. 


DISCUSSION 


Enhancement of hydrophilic tendencies and acidic properties 
by oxygenation of sulfur was evident in the increased (20 times) 
solubility and lower isoelectric point of cystine disulfoxide (1) 
compared with cystine. It is equally evident in the comparison 
of methionine and methionine sulfoxide (30 times increased solu- 
bility; acidic properties in perchloric acid titration in acetic acid). 
The oxygen potential of the compound, to judge from the behavior 
with iodide and with cysteine, is much lower than that of the 
cystine derivative. Possibly related hereto is the absence of any 
tendency to form sulfenic or sulfinic acids by hydrolytic cleavage, 
which is so pronounced in the case of cystine disulfoxide and 
characteristic of the —S—S— linkage. 

The present product has an interesting stereochemical aspect. 
Oxidation to the sulfoxide renders the sulfur atom asymmetric. 
Hence the product of this reaction may be a mixture of four 
optical isomers present as two racemic modifications. In con- 
nection with an examination of the possible metabolic significance 
of the sulfoxide separation of the four stereoisomers should be of 
interest. 
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SUMMARY 


A method is given for the conversion of dl-methionine into a 
sulfoxide, by oxidation with hydrogen peroxide in acid solution. 
Some properties and reactions of the new compound are shown, 
including its quantitative reduction by hydriodic acid and its 
reaction with cysteine. 
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F. A. McJUNKIN, ann E. W. McNAMARA 


(From the Departments of Biological Chemistry, Physiology, and Pathology, 
Loyola University School of Medicine, Chicago) 


(Received for publication, February 10, 1939) 


Various views are held regarding the manner in which massive 
doses of irradiated ergosterol, or other antirachitic preparations, 
produce an elevation in the blood calcium. The most plausible 
among these views appear to be the following: (1) The anti- 
rachitic agent stimulates the parathyroids to great activity. 
(2) The antirachitic vitamin influences the net absorption' of 
calcium from the intestinal tract and, therefore, affects the serum 
calcium level. (3) The antirachitic agent acts directly on the 
organic matrix of the bone, releasing calcium to the blood. (4) 
A toxic by-product of the irradiation of the sterol is responsible 
for the hypercalcemia which often results after the injection of 
massive doses of the antirachitic preparation. 

In 1928 Hess and Lewis (2) offered evidence in support of the 
view, first advanced by Block and Faber (3), that irradiated ergos- 
terol acts through stimulation of the parathyroid glands. Hess 
and Lewis stated that the hypocalcemia induced in dogs and mon- 
keys by feeding diets low in calcium could be converted into hy- 
percalcemia by means of irradiated ergosterol only when the para- 
thyroids are intact, and not in their absence. This view was 
later abandoned when it was found by Hess, Weinstock, and Riv- 


* Presented before the American Society of Biological Chemists at 
Memphis, April, 1937, and before the Sixteenth International Physiological 
Congress at Zurich, August, 1938. 

1 Harris and Innes (1) define the term as follows: ‘‘Net absorption = Ca 
(or P) intake minus fecal output = absorption from gut minus excretion 
into gut.’’ 
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kin (4) that hypercalcemia could be produced in the parathyroid- 
ectomized animal if the dose of irradiated ergosterol was suffi- 
ciently great. Jones (5), Wade (6), Shelling (7), Comel (8), 
Urechia and Popoviciu (9), Demole and Christ (10), Brougher 
(11), and Reed and Seed (12) have presented evidence which may 
be interpreted as supporting the latter view. 

Taylor and his associates (13, 14) are of the opinion that due 
attention has not been accorded the possible presence of parathy- 
roid “‘rests,’”’ which may have been stimulated by the large doses 
of antirachitic agent used by many of the above workers. In 
support of their view they submitted their observations on two 
groups of dogs, one of which had been subjected to thyropara- 
thyroidectomy, and the other to thyroparathyroidectomy and 
careful resection of all aberrant neck tissue. In the first group 
the vitamin D preparation alleviated the symptoms of para- 
thyroid tetany within 1 hour after administration, but in the 
second group it was without effect. Dale, Marble, and Marks 
(15) have failed to obtain full confirmation of the experiments of 
the above workers. They found that their dogs developed a high 
level of calcium in the blood on the administration of the anti- 
rachitic agent as readily after removal of the parathyroids as 
before the operation. Workers in our laboratories (16, 17) have 
submitted evidence which minimizes the importance of accessory 
parathyroid tissue in the rat. They are of the opinion that vari- 
ous controllable factors, such as temperature, immediate dietary 
treatment, etc., are far more important than accessory para- 
thyroids in preventing tetany in the rat. 

Harris and Innes (1) contend that irradiated ergosterol tends 
to increase the absorption of calcium and phosphorus, or to 
diminish the “back absorption” of these substances into the gut. 
They believe that their experimental results are not inconsistent 
with the simple view that vitamin D acts by increasing the 
apparent solubility of Ca and phosphate in the blood. 

Shelling (7) is of the opinion that the antirachitic agent acts 
directly on the organic matrix of the bone, releasing calcium to 
the blood. He has shown that hypercalcemia and calcification 
in certain vital organs can be produced by the oral administra- 
tion of viosterol in parathyroidectomized rats which are on a 
calcium-free diet. 
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Tweedy and McNamara (18) have shown in the nephrectomized 
rat in which the parathyroids are intact that the serum calcium 
drops very gradually during the remaining life span (48 to 72 
hours) of the animal, even though the serum inorganic phos- 
phorus may reach 20 mg. per cent during the same interval (19). 
McJunkin, Tweedy, and McNamara (20) observed that in the 
above animal massive doses of calciferol produce hypercalcemia, 
if the injections are begun within 5 hours after nephrectomy 
when the serum calcium-phosphorus ratio is not greatly changed. 
They also observed slight to marked osteoclastic resorption in the 
femurs. If the injections were delayed longer than 5 hours after 
nephrectomy, bone resorption was sometimes observed, but 
hypercalcemia, if it occurred, was not present at the end of 48 
hours. After the delayed injections, however, the serum calcium 
did not fall but increased slightly. 

In the present work it will be shown that if the thyroparathy- 
roidectomized rat is allowed to develop a low serum calcium- 
phosphorus ratio and is then nephrectomized, the subsequent 
injection of calciferol produces no apparent effects. Hyper- 
calcemia is not produced, nor are there areas of resorption in the 
long bones. Thus removal of the kidneys appears to render the 
thyroparathyroidectomized rat immune to the action of calciferol, 
or to any toxic impurity that may be present in the antirachitic 
preparation. If, however, the serum calcium-phosphorus ratio 
of the thyroparathyroidectomized rat is converted into a normal 
value by the administration of a high calcium-low phosphorus 
diet, then nephrectomy does not prevent the production of 
hypercalcemia by calciferol. 


Materials and Methods 


Albino rats of the Wistar strain were used. These animals 
ranged from 60 to 120 days in age, and from the time of weaning 
were maintained on a diet, which consisted of Fox Chow (a com- 
mercial diet), supplemented by meat scraps, and cabbage leaf 
twice weekly. The Fox Chow contained about 1.36 per cent of 
calcium, and 0.98 per cent of phosphorus. The rachitogenic diet 
used was the Jones modification (21) of the Steenbock-Black 
rachitogenic Ration 2965 (22). This diet consisted of commercial 
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yellow corn-meal 66 parts, wheat gluten 20 parts, wheat embryo 
10 parts, calcium carbonate 3 parts, and sodium chloride 1 part. 
Food was withdrawn after the animals were bilaterally nephrec- 
tomized, but they were allowed water during the postoperative 
period. In each case the animal was bedded on cotton, and kept 
at a temperature which did not vary greatly from 24°. Blood 
samples were taken by cardiac puncture, when the animals usu- 
ally showed no more than a moderate degree of toxicity as judged 
by their activity. Serum calcium determinations were made by 
the Kramer-Tisdall method as modified by Tweedy and Koch 
(23), and serum inorganic phosphorus by Bodansky’s method (24). 
Recognition of bone resorption was not attempted except in 
connection with osteoclastic activity. A description of the his- 
tological technique employed is given in a previous paper (20). 
Crystalline calciferol (40,000 I.u. per mg.) was dissolved in 
fresh Mazola oil just before being used, and injections were made, 
subcutaneously, with a 1 ec. tuberculin syringe. 


EXPERIMENTAL 


Fifteen rats (Nos. 1 to 15, Table I), which were thyroparathy- 
roidectomized, had an average serum calcium of 6.49 mg. per 
cent 3 to 5 days after the operation, and in several other animals 
the serum inorganic phosphorus ranged from 8 to 10 mg. per 
cent. After being on the stock diet for about 1 month, these 
animals were removed from the diet and immediately bilaterally 
nephrectomized. The first injection of calciferol was made within 
1 hour after nephrectomy, and the next two at 6 and 18 hours, 
respectively. In Table I are shown the individual serum calcium 
values 48 hours after nephrectomy. It will be seen that the 
serum calcium level in thirteen of the fifteen animals appears to 
have been unaffected by the calciferol. 

Seventeen rats which had been placed on a low calcium diet 
immediately after thyroparathyroidectomy exhibited definite 
signs of tetany within 48 hours. These animals were placed on 
the Jones-Steenbock rachitogenic diet and remained on it for 
approximately 1 month. After this period of dietary treatment 
the serum calcium in nine of the animals (Group II, Table ID) 
varied from 7.6 to 10.2 mg. per cent, with an average value of 
9 mg. per cent, and the serum inorganic phosphorus in four of 
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these animals ranged from 4 to 5 mg. per cent. Five of these 
animals, and the remaining eight animals from which blood 
samples had not been taken, were continued on the rachitogenic 


TABLE I 


Effect of Calciferol (Vitamin D.) on Serum Calcium of Thyro- 
parathyroidectomized Rats after Bilateral Nephrectomy 


Group I, stock diet Group II, rachitogenic diet 
Serum Ca | Serum Ca, controls Bilaterally nephrec- 
tomized + vitamin 
Rat No. Before =~ Litter Ne Before After - 
nephrec- | tomy + nephrec- nephrec- 
tomy vitamin tomy tomy Serum Serum in- 
D,* Ca organic P 
| mg. per | mg. per mg. per | mg. per | mg. per | mg. per 
cent cent cent cent cent cent 
1 6.05 6.73 A 16 12.00 7.03 
2 | 6.42 | 6.54 17 9.00 
3 6.79 6.08 18 19.00 
4 6.42 5.07 | 19 9.00 
5 5.87 9.41 B 20 7.80 
6 | 6.60 | 8.25 21 13.00 
7 | 7.51 | 6.46 22 | 8.38 
8 6.42 6.87 C 23 7.60 12.40 11.64 
9 | 6.05 10.75 
10 | 7.15 | 5.11 | D | 2% | 9.40 
ll 6.60 6.70 25 8.00 10.05 
12 6.64 7.09 1D 26 | 9.20 
13 6.28 5.45 27 9.00 14.60 12.30 
14 5.02 | 5.36 28 10.20 | 
15 7.53 6.09 F 29 9.50 11.30 8.40 
30 8.00 
31 9.40 12.20 10.30 
32 9.40 
Average. . 6.49 6.80 9.00 | 8.68 | 13.07 9.93 





*3to6 X 460,000 L.U. 
t3 X 460,000 1.v. 


diet for 10 days. These thirteen animals were then removed 
from the diet and immediately nephrectomized. Eight were 
injected with calciferol, and five were not injected. 48 hours 
after nephrectomy blood samples were collected and analyzed 
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for calcium and phosphorus. In the animals injected with calci- 
ferol, the serum calcium varied from 10 to 19 mg. per cent, with 
an average value of 13 mg. per cent, and the serum inorganic 
phosphorus averaged 9.93 mg. per cent. The difference of 4 mg. 
per cent in the serum calcium of controls and injected animals 
shows that the calciferol which had been injected was effective in 
causing a mobilization of calcium into the blood. 

In view of our observation that osteoclast activity was absent 
from the femurs of the injected animals, it appeared that the 
calcium mobilized by the calciferol might be drawn from the soft 
tissues, the food in the gastrointestinal tract, or from both the 
food and the soft tissues. The following experiment was then 
carried out. Eight rats were thyroparathyroidectomized and 
kept on the Jones-Steenbock rachitogenic diet for 30 days. 24 
hours before they were nephrectomized, four of these animals were 
placed on a diet that was low in all mineral constituents in order 
to sweep excess calcium from the gastrointestinal tract. The 
other four animals were continued on the high calcium-low phos- 
phorus diet until they were nephrectomized. Then three of the 
latter group were injected with calciferol in the same amount and 
manner used for the rats in Group II, Table I. At the end of 48 
hours these three animals showed serum calcium values of 12.8, 
13.4, and 14.7 mg. per cent, respectively. The uninjected ani- 
mal showed a serum calcium value of 8.28 mg. per cent. In the 
four animals which had been changed to the low mineral diet, 
nephrectomized, and injected with calciferol as described above, 
we found the serum calcium to be 8.0, 8.1, 8.2, and 13.8 mg. per 
cent, respectively. These data clearly indicate that where cal- 
cium was present in the gastrointestinal tract of the animal it 
was absorbed, and accumulated in the blood if calciferol was in- 


jected. 


DISCUSSION 


It is a well established fact that rats which are maintained on 
a diet that is optimal for bone growth usually show a drop in 
serum calcium and a rise in serum inorganic phosphorus within 
24 to 48 hours after parathyroidectomy. In the present experi- 
ments we found an average serum calcium of 6.49 mg. per cent, 
3 to 5 days after thyroparathyroidectomy (Rats 1 to 15, Table I), 
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and in previous work (25) we have shown that this low level in 
in the serum calcium may be present for 6 or 7 months before a 
return to low normal values is indicated. In several other ani- 
mals, similarly treated, we found that the serum inorganic phos- 
phorus is regularly 8 to 10 mg. per cent when the above level in 
serum calcium is reached. 

Shelling (26) has shown that massive doses of viosterol greatly 
increase the excretion of calcium and phosphorus in normal rats, 
and that viosterol directs the excretion of the extra calcium and 
phosphorus away from the bowel towards the kidneys. In Rats 
1 to 15 (Table I), the serum calcium was low, and the serum in- 
organic phosphorus was presumably high at the time the injec- 
tions of calciferol were begun. Consequently it would appear 
that the amount of calcium entering the blood was greatly re- 
stricted by the more rapid accumulation of inorganic phosphorus 
in the blood. The rise in serum calcium above the control values 
in Rats 5 and 9 (Table I) may have been due to the calciferol 
injected, or it may have occurred during the interval between 
thyroparathyroidectomy and nephrectomy. However, the ab- 
sence of any evidence of osteoclast activity in the bones and the 
low serum calcium in thirteen of the fifteen animals clearly indi- 
cate that calciferol had little effect in mobilizing calcium into the 
blood. 

In the animals of Group II (Rats 16 to 32, Table I), in which 
there was presumably a normal serum calcium-phosphorus ratio 
at the time of nephrectomy, the injection of calciferol caused an 
increase in the serum calcium of all the animals that were injected, 
and hypercalcemia in two of them. The fact that the bones of 
these animals showed the absence of more than the normal num- 
ber of osteoclasts indicates that the primary action of calciferol 
was elsewhere. Furthermore, the failure of calciferol to produce 
an increase in the serum calcium of three of the four thyropara- 
thyroidectomized rats from which the high calcium-low phos- 
phorus diet was withdrawn 24 hours before they were nephrec- 
tomized, and the positive action of calciferol in the three animals 
left on the diet until nephrectomy, strongly suggest that the source 
of the extra calcium was the gastrointestinal tract. 

Watchorn (27), Brown and Shohl (28), and Shelling (26) have 
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shown that irradiated ergosterol decreases calcium excretion in 
the feces and increases urinary excretion of calcium. Presumably 
in our thyroparathyroidectomized rats (Group II, Table I) that 
were nephrectomized and injected with calciferol, the accumula- 
tion of calcium in the blood was due to the action of calciferol in 
greatly restricting the fecal excretion of calcium. Since at the 
same time the fecal excretion of phosphorus was probably greatly 
decreased, its accumulation in the blood served to decrease, or to 
limit the absorption of calcium. The failure of the bones of these 
animals to undergo resorption may have been due to the reten- 
tion of calcium to a greater extent than that which occurred in 
our nephrectomized rats in which the parathyroids were intact 
(20), and in which we found both bone resorption and hyper- 
calcemia after the injection of calciferol. The present experi- 
ments strongly suggest that massive doses of calciferol act by 
decreasing the fecal excretion of calcium. 

It would seem that our experiments support the view that the 
toxic action of calciferol arises through its effects on the calcium 
and phosphorus metabolism. Furthermore, it is suggested that 
the necrotic lesions of parenchymal tissues that often follow the 
injection of excessive amounts of calciferol are secondary to dis- 
turbances in the calcium and phosphorus metabolism. 


SUMMARY 


Administration of massive doses of calciferol to thyroparathy- 
roidectomized-nephrectomized rats, in which there is a low serum 
calcium-inorganic phosphorus ratio, is ineffective in producing 
hypercalcemia. If, however, appropriate dietary treatment is 
instituted soon after thyroparathyroidectomy so that the normal 
relationship of calcium to phosphorus in the blood is restored, or 
maintained, then calciferol is effective in promoting mobilization 
of calcium into the blood of such animals after they have been 
nephrectomized. 


The calciferol used in these experiments was generously sup- 
plied by Mead Johnson and Company through the courtesy of 
Dr. C. E. Bills. 
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THE DETERMINATION OF HYDROGEN PEROXIDE IN 
BACTERIAL CULTURES 
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The accumulation of hydrogen peroxide in bacterial cultures 
may contribute to the bacteriostatic effect exerted by sulfanilamide 
(1) on organisms which produce peroxide and are sensitive to its 
action. The methods commonly used for determination of small 
quantities of peroxide are not suitable for analysis of broth cultures 
because of the color of the mixture and the presence of reducing 
substances. In view of the increasing importance of sulfanilamide 
and related compounds as chemotherapeutic agents and the 
general interest in the réle of peroxide in bacterial metabolism, 
the need for a method applicable to cultures is apparent. The 
method presented here is an adaptation of the commonly used 
qualitative method (2) in which hydrogen peroxide is detected by 
the oxidation of benzidine or tolidine in the presence of peroxidase. 
By substituting an extract for the small piece of potato usually 
used, the entire solution acquires the blue-green color and colori- 
metric comparisons with standards can be made. The method 
gave results which were entirely satisfactory for the purpose for 
which it was designed and should be useful in similar problems. 


Method 


Reagents— 
1. A 10 per cent solution of o-tolidine in glacial acetic acid. 
2. Potato extract. Allow 120 gm. of freshly ground potato to 
stand overnight in the ice box in about 130 cc. of a solution con- 
taining equal volumes of glycerol and phosphate buffer, pH 7.2. 
The mixture should be covered with a layer of mineral oil during 
the period of extraction and during subsequent use. After de- 
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canting and slight centrifugation to remove the coarser sediment, 
the extract is ready for use and is conveniently kept in a 50 ce. 
burette, protected by a layer of oil about 5 em. in depth. The 
extracts usually retain their peroxidase activity for several days.! 
Each extract is standardized on the day it is used with known 
amounts of peroxide as described below. 

3. A 1 per cent aqueous solution of malachite green oxalate (Na- 
tional Aniline and Chemical Company) serves as a stock solution 
from which dilutions are made for the preparation of permanent 
standards. A series of fifteen dilutions ranging in concentration 
from 0.00015 to 0.02 per cent is adequate for the comparison with 
the concentrations of peroxide found in the cultures tested. When 
sealed in small tubes, the diluted solutions can be kept indefinitely. 

4. A 30 per cent solution of hydrogen peroxide (Merck’s Re- 
agent) to be used for calibrating the permanent standards. 

Procedure of Analysis—Samples of 1.0 ce. are placed in small 
tubes of equal diameter. To each is added 6 drops of potato 
extract and, immediately after, 2 drops of o-tolidine reagent. 
After the period required for the development of maximal color 
intensity (see section below), comparisons are made with appro- 
yriate standards in a comparator block. A blank, containing 
only sterile broth, potato extract, and o-tolidine, is prepared for 
each set of determinations and is placed back of the standard 
solution to compensate for the turbidity. No color can be de- 
tected in the blanks. The peroxide content is calculated by 
reference to calibration curves. 

Calibration of Standards—Broth dilutions, containing from 6 to 
30 micrograms of peroxide per cc. are prepared from the 30 per 
cent reagent.? The first dilutions, to 0.06 and 0.03 per cent, are 
prepared in water to avoid possible destruction by catalase, which 
is present in appreciable amounts in some lots of broth. Broth 
used for the dilutions is the same as that used as the culture 
medium. The required amounts of the water dilutions are 
measured with 0.1 cc. pipettes, graduated in hundredths, into the 


1 A flocculent precipitate which frequently forms on standing is allowed 
to settle and may be drawn off without affecting the activity of the extract. 

* The reagent used contained 30.6 per cent hydrogen peroxide, deter- 
mined by permanganate titration. The dilutions used in preparation of 
the standard curves were made immediately before use. 
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bottoms of the tubes and the total volume is made up to 1 cc. with 
broth. To each tube are added 6 drops of potato extract and 2 
drops of o-tolidine reagent. The colors are compared with stand- 
ards in a comparator block, with a blank as described above. 
The logarithms of the dye concentrations plotted against the 
logarithms of the corresponding peroxide concentrations have a 
linear relationship, as shown in Fig. 1. 

The peroxide content of the sample analyzed can be determined 
by reference to this curve. For practical purposes a more simply 


constructed curve has been found 


useful. The concentrations of 
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Fic. 1. Linearity of the relationship between logarithms of concentra- 
tions of H,O, producing the’coloration measured and logarithms of concen- 
trations of malachite green oxalate producing a comparable intensity of 


color. 


Fic. 2. Representative calibration curves as plotted for daily use. 


dye found to be most suitable are 0.00015, 0.0003, 0.00045, 0.0006, 
0.0009, 0.0012, 0.0015, 0.0018, 0.0025, 0.0037, 0.005, 0.0075, 0.01, 
0.015, and 0.02 per cent. By assigning small, arbitrary numbers 


equally spaced, as 1, 1.5, 2, 2.5.. 


. 8, to each of the above concen- 


trations, the estimation of intermediate intensities is facilitated. 
The known concentrations of peroxide employed (6, 9, 12, 15, 18, 


and 24 micrograms per cc.) are 


plotted against the arbitrary 


numbers of the dye standards of equivalent intensity. Examples 
of curves of this type are illustrated in Fig. 2. The wider spread 
in the lower concentrations makes this method of plotting ad- 


vantageous. 

















420 H.O, in Bacterial Cultures 


Calibration curves should be made on the same day as the 
analyses, since the activity of an extract decreases from day to day. 

Period of Maximal Color Development—When freshly prepared 
potato extracts are used, the color develops to its maximal in- 
tensity within 4 to 6 minutes. The time to be used for each 
extract is determined by making comparisons with known amounts 
of peroxide over periods of about 8 minutes. Fig. 3 shows the 
development of color with time for four concentrations of peroxide 
in broth. In pneumococcus cultures of comparable peroxide 
content, maximal color is developed in substantially the same 
time. As may be seen from the curves, the maximal color persists 
for a time sufficiently long for comparisons to be made before 
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Fic. 3. Curves showing color development with time in various H,0, 
concentrations. 


fading begins. Since the time used in the determination of un- 
knowns is the same as that used in the calibration, differences of 
1 to 2 minutes in the time selected will introduce no appreciable 


error. 


Sensitivity and Accuracy 


With the technique described the method is satisfactorily used 
in the range of 6 to 30 micrograms per cc.* The lower detectable 
limit of concentration varies from 4 to 8 micrograms per ce. and 
depends on the activity of the potato extract used. Colors 
developed by concentrations of less than 6 micrograms per cc. are 


3 Equal to 0.006 to 0.03 mg. per cc. or 6 to 30 parts per million. 
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usually too faint for accurate comparison. For concentrations 
greater than 30 micrograms per cc., it is necessary to make an 
appropriate dilution of the sample before the reagents are added. 
Dilutions made after the color is developed give incorrect results. 

Dilutions of hydrogen peroxide prepared as for standardization 
of dye solutions were analyzed as unknowns. The results are 
given in Table I. The distribution of errors in the determinations 
is uniform with respect to sign and magnitude so that, in a suffi- 
ciently large number, the average concentration found approaches 
closely the theoretical value. The frequency of the occurrence 


TABLE I 
Determination of Hydrogen Peroxide in Broth 
Samples of 1 cc. volume were treated with 6 drops of potato extract and 


2 drops of o-tolidine reagent. The colors developed were compared with 
standard dye solutions after 5 to 6 minutes. 


No. of determinations 





ae a | No. of Campenatin found to be > Is 
micrograms per cc. micrograms per cc. 

24.0 23.6 6 1 
18 17.7 Ss 1 
15 15.8 6 0 
12 12.0 10 0 

of) 8.9 10 l 

6 5.9 7 2 


of determinations with error exceeding 15 per cent is given by the 
last two columns of Table I.4 

Hydrogen peroxide, added to broth cultures of the pneumococ- 
cus, is recoverable within the limits of accuracy of the method, 
provided the time of contact is sufficiently short to avoid effects 
of the constantly changing conditions in the culture. The amount 
of peroxide present in bacterial cultures at a given time depends 
upon the rate of its decomposition by catalase as well as upon the 
rate of formation by the organisms. The pneumococcus cultures 
to which the method has been applied contain the minimum 


* A contributing source of error may lie in the difficulty encountered in 
preparing and measuring dilutions of 30 per cent peroxide. A marked 
tendency to drop formation on the glass appeared consistently. 


Oe eee 





: 


EE a Sr er rege 





422 H.O, in Bacterial Cultures 


amounts of added catalase required for support of the desired 
growth. In cultures containing more catalase, 100 per cent 
recovery of added peroxide would not be expected. 


DISCUSSION 


The various qualitative and quantitative micromethods, by 
which 1 microgram or less of hydrogen peroxide can be detected, 
can be used only in the absence of color or interfering organic 
compounds. The method presented here offers no advantages 
over titrimetric or spot test methods where these are applicable. 
Calibration curves and analyses with water as the diluent show no 
greater degree of sensitivity than is found in the broth dilutions. 


TaBLe II 


Production of Hydrogen Peroride in Broth Cultures of Type I Pneumococcus 














Medium | Age of culture | Cae 
hrs. a 
Veal infusion broth 12 | 5 
se “ec ae 14 | 6 
sé ‘se se 16 | 9 
sé sé “é 18 | 12 
Same, containing 10 mg. % sulfanilamide | 12 12.5 
ae oe 10 oe % ee 14 14 
se se 10 ae % 4e 16 15.5 
ae ae 10 ae % ae 18 | 16 


The usefulness of the method lies chiefly in its adaptability to 
bacterial cultures or similar preparations. An illustration of this 
use is given in Table II, which shows the accumulation of hydrogen 
peroxide in broth cultures of pneumococcus in the presence and 
absence of sulfanilamide. 

The reagents and experimental conditions adopted are suitable 
for the particular type of medium employed. Under different 
conditions or for other kinds of media, adjustments in acidity and 
other factors may be necessary. 


SUMMARY 


A simple and rapid colorimetric method is presented for the 
determination of hydrogen peroxide in bacterial cultures. The 
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method involves the oxidation of o-tolidine by peroxide in the 
presence of a peroxidase extract. Concentrations in the range 
of 6 to 30 micrograms per cc. are determined with an accuracy of 
85 per cent or more. 
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SUGAR ALCOHOLS 


XX. THE FATE OF d-SORBITOL, STYRACITOL, AND /-SORBOSE 
IN THE ANIMAL BODY 


By C. JELLEFF CARR anp SYLVAN E. FORMAN 


(From the Department of Pharmacology, School of Medicine, University of 
Maryland, Baltimore) 


(Received for publication, February 8, 1939) 


The sugar alcohols that have been previously studied generally 
serve as precursors of glycogen in rats and many are attacked by 
members of the colon aerogenes group of microorganisms with the 
production of acid and gas (1, 2). The anhydrides of these sugar 
alcohols are generally non-metabolizable by either microorganisms 
or the mammalian body. Recently we have observed that the 
anhydride, styracitol, was utilized by various members of the 
Bacillus coli group of organisms (3). To continue this study, 
the epimer of polygalitol, namely styracitol (1,5-anhydrosorbitol), 
was prepared in large quantities and experiments were conducted 
comparing the fate of this anhydride to sorbitol and the ketose, 
l-sorbose. 

Approximately 100 gm. of styracitol were synthesized by the 
hydrogenation of tetraacetyloxyglucal and subsequent deacetyla- 
tion of the reduction product according to the method of Zervas 
(4). The compound melted at 157° uncorrected; [a}** = —48.2° 
(H:O, c = 1.5); [a]? = —53.4° (3.1 per cent HBO; in H,0, ¢ = 3.3). 
The d-sorbitol generously supplied by the Atlas Powder Company, 
Wilmington, was crystalline, non-reducing, with a melting point 
of 97°. The l-sorbose used in these studies was obtained through 
the kindness of Dr. P. A. Wells of the United States Department 
of Agriculture, m.p. 165°, [a]? = —43.7° (H:O,¢ = 10). The ac- 
companying formulas show the relationship between the three 
compounds. Recent work by Freudenberg and Rogers (5) in- 
dicates that the structure of polygalitol is that which was assigned 
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formerly to styracitol, namely 1,5-anhydrosorbitol, and that 
styracitol may be 1,5-anhydromannitol. 


H 


CH,-OH H—C CH,-OH 
H—C—OH H—C—OH c=0 
age Nae HO—C—H O HO—C—H 
on a H—C—OH H—C—OH 
ee eb and HO—C—H 

lca om CH,-OH 
d-Sorbitol 1,5-Anhydrosorbitol l-Sorbose 


Glycogen Storage in Livers of White Rats—Male rats weighing 
between 100 and 150 gm. were fasted 48 hours and placed in 
individual cages in a constant temperature room at 25°. The 
control rats were fed a basal diet of cacao butter and the experi- 
mental animals mixtures of cacao butter (67 per cent) and the 
experimental compound (33 per cent). The feeding period varied 
from 50 to 120 hours as indicated in Table I. The animals were 
anesthetized with sodium amytal, the livers removed, and the 
glycogen determined by the Good et al. (6) modification of Pfliiger’s 
method. The dextrose was determined by the Shaffer and Hart- 
mann (7) method. The details of the foregoing procedure have 
been reported previously (1). The results are shown in Table I. 

The results indicate that all three compounds are utilized by 
the fasting rat to form additional glycogen in the liver. In addi- 
tion it was observed that long feeding periods with these com- 
pounds increased the total amount of glycogen in the livers of the 
rats and the animals did not lose weight as did the control animals. 
The excreted urine and the urine removed from the bladder at 
the time of killing did not yield detectable quantities of styracitol 
upon analysis. In previous experiments with the unmetabolized 
anhydrides invariably these compounds could be detected un- 
changed in the excreted urine. 

Influence of Styracitol on Respiratory Quotient—Using the open 
circuit method of determining respiratory metabolism as reported 
previously, we determined the influence of styracitol upon the 
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fasting respiratory quotient of the white rat. As suggested by 
Chambers (8) the animals used in these studies were fasted 48 
hours and lost approximately 12 per cent of their original body 
weight before the determination of the fasting R.@. was made. 
The results as given in Table II indicate that the compound is not 
directly metabolized in the animal body as is dextrose which 


TABLE I 


Glycogen Storage in Livers of Rats after Feeding d-Sorbitol, Styracitol, and 
l-Sorbose 


Liver glycogen 


Rt I Average food consumed phe ve 
Maximal Minimal Mean 
gm. Ars. per cent per cent per cent 
5 Cacao butter 8.5 72 0.17 0.03 0.13 
10 | Styracitol 1.6 50 0.80 0.20 0.40 
4 Cacao butter 6.9 72 0.23 0.03 0.16 
5 Styracitol 3.0 72 1.65 0.14 1.00 
5 Cacao butter 7.8 69 0.25 0.04 0.11 
6 Styracitol 2.5 69 0.77 0.15 0.35 
2 ” 3.5 93 2.36 1.77 2.06 
| 

5 Cacao butter 6.0 93 0.65 0.23 0.37 
7 l-Sorbose 2.7 120 3.16 0.29 1.74 
Ss - 4.6 93 5.60 1.80 3.15 
8 |  d-Sorbitol 3.8 89 2.36 0.21 1.16 
5 = 4.2 93 1.96 0.55 1.37 
5 Cacao butter 9.7 93 0.32 0.19 0.25 


under the same experimental conditions gave an increase in the 
respiratory quotient from 0.716 to 0.800. 

Styracitol and Blood Sugar Level—Freudenberg and Felton, 
during a study of the capacity of various carbohydrate substances 
to elevate the blood sugar level of rabbits, reported that styracitol 
was physiologically inactive in two experiments (9). In the 
present study the capacity of styracitol to elevate the blood sugar 
level has been reinvestigated when this compound is administered 
by stomach tube. Since the influence of both sorbitol and sorbose 
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TABLE II 


XX 


Respiratory Quotients during Fasting and afler Styracitol 


Styracitol, 40 per cent solu- 


Os per 100 


Length of 


Rat No. Weight tion, by stomach tube gm. per hr. 2. — 
gm. gm. gm. Ars. 
43 121 Fasting 0.147 0.723 2.5 
1.4 0.181 0.728 2.5 
43 134 Fasting 0.150 0.719 3.5 
1.4 0.151 0.741 3.4 
54 140 Fasting (0). 182 0.735 3.5 
1.4 0.178 0.751 2.5 
53 117 Fasting 0.189 0.732 2.7 
0.5 0.189 0.710 2.5 
52 112 Fasting 0.155 0.743 2.9 
| 0.4 0.185 0.704 2.5 
50 127 Fasting 0.166 0.719 2.5 
0.4 0.179 0.700 2.5 
59 123 Fasting 0.184 0.725 2.7 
0.4 0.193 0.716 2.5 
55 124 Fasting 0.193 0.721 3.2 
1.4 0.191 0.705 2.5 
108 120 Fasting 0.190 0.732 2.6 
0.4 0.192 0.725 3.5 
152 132 Fasting 0.175 0.739 2.5 
1.4 0.188 0.726 5.0 

Mean Fasting 0.173 0.728 
Styracitol 0.182 0.721 


Rabbit w,; | Styra- . 
| Weight 7 Samples 
No. tol . ss 
nf w|i | sah | sh | mean 
kg. gta) 
1 0.67 2.0 108 | 109 86 99 Every }hr. for 4 hrs. 
2 0.80 1.0 110 122 106 110 v Wee oe 
3 0.85 4.0 99 112 95 104 bas ie “f= 
4 0.95 2.0 98 123 94 111 .. « § 
5 1.36 100 112 86 98 10 min. 1 hr. 


1.0 


TaB.e III 








Blood sugar, mg. per 100 cc. blood 


Influence of Styracitol on Blood Sugar Level of Rabbits 











upon the blood sugar level after ingestion has been reported, these 
compounds were not used. The results are shown in Table III. 
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Acute Toxicity—The value of the minimum lethal dose of 
mannitol per os previously reported was found to be greater than 
1.3 gm. per 100 gm. of body weight for rats. Owing to the greater 
solubility of sorbitol much larger amounts could be administered. 
Doses of 1.3 gm. of sorbitol per 100 gm. of animal produced only 
a mild depression and diarrhea in five animals. Quantities of 
2.6 gm. per 100 gm. of body weight produced depression and death 
within 1 to 12 hours. Styracitol (two experiments) failed to 
produce any detectable effects in concentrations of 1.3 gm. per 
100 gm. of rat. J/-Sorbose in concentrations of 1.3 gm. per 100 
gm. of rat (ten experiments) produced no toxic symptoms. It 
should be pointed out that these concentrations represent relatively 
massive amounts of the compound. 


DISCUSSION 

The data assembled indicate that the three chemically related 
compounds, d-sorbitol, styracitol, and l-sorbose give rise to addi- 
tional glycogen storage in the livers of white rats. The effect was 
anticipated in the case of the ketose and the sugar alcohol, sorbitol, 
but the anhydride, styracitol, appears to be an exception to the 
general rule that anhydride formation among the sugar alcohols 
destroys glycogen-forming capacity. The sweet taste of this 
compound and its utilization by bacteria suggest utilization by 
the animal body. That styracitol is not directly metabolized is 
demonstrated by its inability to elevate the r.q. and raise the 
blood sugar level of rabbits and indicates glycogen formation with 
subsequent utilization. 


SUMMARY 


1. d-Sorbitol, styracitol, and l-sorbose when fed in a basal fat 
diet for a period of days are stored as glycogen in the liver of the 
rat. 

2. Styracitol does not raise the respiratory quotient or increase 
the O, consumption of the fasting rat when administered by 
stomach tube. 


3. Styracitol does not elevate the fasting blood sugar level of 
the rabbit. 

4. The results indicate that styracitol requires glycogen forma- 
tion for utilization by the animal body. 
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5. These compounds are not toxic when administered by mouth 
to the white rat except in massive quantities. 
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DELPHININE 
II. ON OXODELPHININE 
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New York) 
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Analytical results obtained with delphinine, the crystalline 
alkaloid from Delphinium staphisagria, L., have been shown by us 
(1) to correspond best with a formula C3;3HyO,N for this alkaloid. 
Its assumed close relationship to the aconite group of alkaloids has 
now been clearly demonstrated. In addition to four methoxyl 
groups it contains a benzoyl, an acetyl, and a free acylatable 
hydroxyl group and behaves as if it contains an N-alkyl (methyl) 
group. More recent studies have confirmed this analogy to the 
aconite alkaloids, since it loses acetic acid on pyrolysis to form a 
pyrodelphinine. It is probable that the hydroxyl and acetyl 
groups occur in a 1-4 or 1-5 relationship and that acetic acid is 
lost with the formation of an oxidice bridge. This has been indi- 
cated by the hydrogenation experiments in which only the benzoyl 
group appears to be involved. 

The study of the oxidation of delphinine with permanganate 
has been carried further since the earlier report. In addition to 
the formation of the substance first described by Keller (2) and 
called by him X-2/4°, we have isolated a second apparently 
isomeric substance formed in smaller amount. By a modification 
of the earlier procedure a total yield of roughly 90 per cent has been 
obtained of the two isomers. For the reasons given below, the pre- 
ponderating substance has been called a-orodelphinine ({a]* = 
—62° in acetic acid) and its companion §-orodelphinine ({a]” = 
+31°). Many analyses of these substances, including our earlier 
published figures, are consistent with a formulation CgHgOwN. 
This is a conclusion which has an important bearing on the inter- 
pretation of the correct formulation of oxonitine and its isomer (?), 
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as discussed in the succeeding paper (3). Just as in the case of ox- 
onitine and its companion, the isomeric oxodelphinines have lost the 
essential basic character of the parent alkaloid. Both the benzoyl 
and acetyl groups are retained, and on catalytic hydrogenation of 
the a isomer a hexahydro-a-oxodelphinine was formed. Although 
four methoxyl groups can still be readily determined, only a trace 
of an N-methyl could be detected. The above formulation 
CsHwOwN, if correct, points to the oxidation of a CH: group 
adjoining the N atom to CO with the formation of a cyclic lactam. 
Either the so called N—CH,; group is so modified by such a trans- 
formation that it eludes determination as an N—CH; group (4) 
or the so called N—CH; group of delphinine does not exist as 
such but as a larger grouping. The formation of methylamine 
from delphinine or methyl] iodide during the N-alkyl determination 
would be difficult to explain except as the result of the cleavage 
of some larger grouping, such as a complex pyrrolidone, piperidone, 
or related derivatives. This is an inconsistency which can be 
cleared up only by further investigation. 

The above formulation of a-oxodelphinine is supported by the 
analytical figures obtained with pyro-a-orodelphinine formed from 
it on pyrolysis and with those given by herahydropyro-a-orodel- 
phinine resulting from the latter on hydrogenation. When 
a-oxodelphinine was heated with methyl alcoholic HCl, a crystal- 
line neutral substance resulted. The analytical figures are in 
approximation to those required by a formula CHO ,N. The 
methoxyl determination indicates introduction of an extra meth- 
oxyl group (a total of five OCH; groups) and titration after 
saponification the presence of only one acyl group. It appears, 
therefore, that the acetyl group has been replaced by methyl. 
Simultaneously an appreciable amount of a basic fraction was 
isolated from the mixture which, however, has not been obtained 
in crystalline form. Since CO, was evolved in the reaction, the 
formation of this base possibly parallels that of the base obtained 
in a similar manner from oxonitine, as described in the succeeding 


paper (3). 
EXPERIMENTAL 


Pyrodelphinine—0.57 gm. of delphinine was heated for 10 
minutes in an atmosphere of H; at 200-215°. The melted alkaloid 
evolved acetic acid. The resulting resin crystallized readily under 
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ether and was collected in excellent yield. Recrystallized from 
95 per cent alcohol, it formed pointed rods which slowly melted 
at 208-212° after preliminary softening. 0.28 gm. was so ob- 
tained. For analysis it was dried at 110° and 20 mm. 


CuHyO:;N. Calculated, C 68.97, H 7.66; found, C 69.11, H 7.57 


Pyrodelphinine readily absorbed He in acetic acid solution 
with platinum oxide catalyst. After deducting for catalyst, the 
apparent absorption approximated 4 moles of H». The resulting 
substance could not be obtained in crystalline form. 

a- and 8-Oxodelphinine—Since our preliminary report on this 
substance, the following improved method for its preparation has 
been employed. 

5 gm. of delphinine were dissolved in 500 cc. of dry acetone 
containing 5 ec. of acetic acid. 3 gm. of powdered potassium 
permanganate wey then added and the mixture was left at about 
25-30° overnight. The reagent was used up. The mixture was 
diluted with an equal volume of water, then treated with 40 ce. 
of 10 per cent H.SO,, and the MnO, was reduced with sulfur 
dioxide. The colorless crystals after collection with water gave a 
first fraction which weighed 2.85 gm. and melted at 218-221°. 
This fraction, which consisted essentially of a-oxodelphinine, was 
most readily recrystallized by solution in chloroform, addition of 
alcohol, and concentration to remove the chloroform. It formed 
flat needles which melted at 218-221°, depending on the rate of 
heating. 

la]> = —62° (c = 1.05 in acetic acid) 
la]> = —55° (c = 0.275 in 95 per cent alcohol) 


Keller reported [a]; = —52.2° (ec = 0.42 in alcohol). 
Numerous analyses of this substance have given consistent 
results. Our more recent ones are reported. 


Ip 


CyHgO;oN. Calculated. C 64.56, H 7.07, OCH; 20.22 
CyHyOiyoN. 7 ** 64.07, ‘6.89, ‘* 20.69 
Found. (a) ‘* 64.72, ‘6.91, ‘“* 19.88 

” ot he 

(b) ‘* 64.44, “* 7.09 

ee (c) ‘* 64.65, “ 7.13 


The mother liquor of the above first fraction which consisted of 
dilute acetone was further diluted and extracted with ether. The 
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aqueous phase on being rendered alkaline and extracted further 
with ether yielded a very small fraction of delphinine which had 
not been oxidized. The above ether extract of oxidation products 
was repeatedly washed with water. On concentration it gave 
readily a second fraction of needles (0.62 gm.) which melted at 
218-221°. The mother liquor of this fraction on further concen- 
tration gradually deposited a mixture of needles and stout four- 
sided prisms. A suspicion of the presence of the latter had already 
been obtained during the manipulation of the first main fraction. 

The yield of this third fraction was 0.48 gm. and consisted essen- 
tially of B-oxodelphinine. This melted somewhat higher at 222- 

224° after preliminary softening. The mother liquor of this 
fraction on still further concentration and dilution gave a viscous | 
mass which gradually crystallized to a mass of small, stout rhombs. 
After collection with a little alcohol 0.35 gm. of this fraction was 
obtained, which melted at 228-229° with dgcomposition and 
appeared to be practically pure 6-oxodelphinine. It was recrys- 
tallized as in the case of the first substance by boiling down the 
chloroform solution with alcohol. The melting point remained 

at 228-229°. 

[a]? = +31° (c = 1.01 in acetic acid) 
CysHysO.10N. Calculated. C 64.56, H 7.07 


Found. (a) ‘ 64.47, “ 6.83 
e (6) ‘* 64.53, “ 6.85 


Finally, from the last mother liquors a fifth and final fraction 
of similar crystals was obtained which amounted to 0.12 gm. 
The total yield of crystalline neutral material thus recovered from 
5 gm. of delphinine was roughly 4.4 gm. 

Hexahydro-a-Oxodelphinine—0.1 gm. of a-oxodelphinine was 
hydrogenated in acetic acid solution with 50 mg. of platinum oxide 
catalyst under 3 atmospheres pressure. The absorption of H: 
beyond the catalyst, 17 cc., was somewhat (about 1 mole) in 
excess of the 3 moles required, viz. 12 cc. The solution on con- 
centration gave a resin which readily crystallized under ether. 
The collected material was recrystallized from ether and formed 
four-sided platelets which melted at 195°. 





a 


1 

CysHyOioN. Calculated. C 63.93, H 7.97 ' 
CyeHyrOi0N. 7 ** 63.43, “* 7.83 ( 
Found. © 63.74, “ 7.75 , 


** 63.77, “ 7.61 
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Pyro-e-Oxodelphinine—0.1 gm. of a-oxodelphinine was heated 
in an atmosphere of Hy at 220° for 30 minutes. The resulting 
resin crystallized under ether. It was recrystallized ftom aeetone 
and formed six-sided platelets which did not have a sharp melting 
point. The substance began to sinter above 150° and with 
gradual coloration slowly melted at 200-220°. It contained 
solvent. From methyl alcohol it formed flat needles which 
sintered to a resin above 238° and melted at 248-250°. 
For analysis it was dried at 120° and 20 mm. 


| Cy3,HwOsN. Caleulated. C 67.23, H 7.10 
Found. (a) ‘ 67.20, ‘* 7.05 
sig (b) ‘* 67.038, ‘ 7.05 


When pyro-a-oxodelphinine was heated in a sealed tube with 
| 30 parts of 3 per cent methyl alcoholic hydrochloric acid, it formed 

a clear solution which on concentration yielded a sparingly soluble 
substance. The latter separated from methyl alcohol as minute 
wedge-shaped crystals which melted slowly at 280-284° after 
preliminary softening above 270°. It was apparently an isomer 
of the above substance. 


Cs,;HwOsN. Calculated. C 67.23, H 7.10, OCH, 22.40 
Found. ‘Ola “Teun “Be 


Hexahydropyro-a-Oxodelphinine—Pyro-a-oxodelphinine was hy- 

| drogenated in acetic acid solution with platinum oxide catalyst. 

The apparent absorption of H: above the catalyst was excessive 

| and between 4 and 5 moles. Recrystallized from a mixture of 

ether and petroleum ether the hydrogenation product formed 
needles which melted at 183-185° after preliminary sintering. 


Cy,HyO.N. Caleulated. C 66.50, H 8.11 
Found. ** 66.48, “* 8.22 
“ “ 66 . 40, “8.97 § 


a-Oxodelphinine and Methyl Alcoholic Hydrochloric Acid—0.5 
gm. of a-oxodelphinine was heated for 18 hours in a sealed tube 
at 100° with 10 cc. of 3 per cent HCl in absolute methyl alcohol. 
The resulting clear solution was chilled in dry ice before the tube 
was opened and then, after opening, the evolved gases were allowed | 
to pass through barium hydroxide solution. Definite evidence of ‘' 
CO, cleavage was obtained. The clear reaction mixture was j 
concentrated to dryness in vacuo and the resulting residue crys- 
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tallized readily from dilute alcohol. The first and second frac- 
tions amounted to about 0.2 gm. Recrystallized from a small 
volume of methyl alcohol, it separated as needles or long thin 
leaflets which on rapid heating melted at 220-222°. If the sub- 
stance was first powdered, it sintered to a vitreous mass at this 
point and then melted at 235-236°. It appears that this behavior 
must be due to dimorphism, since the substance contained no 
appreciable amount of solvent of crystallization. 


CeuHyON. Calculated. C 65.60, H 7.40, OCH; 26.47 


Found. “Ta, “ 26.0 
- ** 65.55, “‘ 7.22 
" © 65.25, “* 7.14 


14.64 mg. of substance were refluxed in a mixture of 3 cc. of 
alcohol and 3 cc. of 0.1 N NaOH for 4 hours and titrated back 
against phenolphthalein. Found, 0.27 cc.; calculated for 1 equiv- 
alent, 0.25 ce. 

Under similar conditions 11.25 mg. of substance consumed 
0.211 ec. of 0.1 N NaOH. Calculated for 1 equivalent, 0.192 ce. 

When the above substance was melted in an Hz atmosphere in 
a bath at 260° and allowed to cool, it crystallized. After recrys- 
tallization from dilute methyl alcohol it formed needles and 
leaflets which from melting point and mixed melting point proved 
to be unchanged starting material. 


Found. C 65.73, H 7.17, OCH; 25.65 


The dilute alcoholic mother liquor of the above neutral methy- 
lated derivative was acidified with dilute HCl and extracted with 
ether. The latter yielded a very small additional amount of 
crystalline material which was not investigated further. When 
the remaining aqueous phase was rendered alkaline with excess 
dilute NagCO,; and extracted with ether, an appreciable fraction 
was obtained on concentration which had basic properties. All 
attempts to crystallize this material were unsuccessful. On 
drying down, it formed a colorless, brittle, triboelectric, vitreous 
mass. Although the homogeneity of the substance is in doubt, it 
was analyzed after drying at 100° and 20 mm. 


Found. C 66.29, H 7.68, OCH; 23.95, N(CHs) 0.81 
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Since the discovery by Carr (2) in 1912 of oxonitine, the neutral, 
sparingly soluble product of the oxidation of aconitine with 
permanganate and for which he proposed a formula C2;H2sO,.N, 
difference of opinion has prevailed as to the correct formulation 
of this substance. This interpretation assumed a new aspect 
when Spith and Galinovsky (3) in 1930 suggested the formula 
CxzHgwOwN on the basis not only of the C and H determinations 
but also on those of N, methoxyl, and benzoic acid. This formu- 
lation was supported by the more recent analyses of Lawson 
(4). However, a further slight modification of the formula to 
CxHwOn.N was made by Majima and Tamura (5) on the basis of 
evidence reported by them, which appeared to be conclusive. 
Both aconitine, CyHyzOu.N, and mesaconitine (6), Cy3HgOuN, 
had been found to yield on oxidation the same oxonitine. Aconi- 
tine, on the one hand, has been shown to behave as if it contained 
an N-ethyl group (1, 5) by the formation of ethyl iodide in the 
N-alkyl determination and of ethylamine on fusion with KOH. 
On the other hand, mesaconitine (5) appears to contain an N- 
methyl group, since after saponification to mesaconine and sub- 
sequent demethylation (of OCH; groups) methylamine was the 
principal volatile base obtained on alkali treatment of the result- 
ing demethylated mesaconine. Oxonitine, when similarly trans- 
formed to a demethylated oxonine, gave mainly ammonia and 
since it no longer shows an N-alkyl group in tlie alkyl determina- 
tion Majima and Tamura conclude that the transformation of 


* Earlier work on the aconite alkaloids was reported in 1936 (1). 
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aconitine and mesaconitine to oxonitine involves oxidative re- 
moval of the N-ethyl and N-methyl groups in these alkaloids with 
simultaneous oxidation of an adjoining CH, to CO group, with 
the formation of a lactam. The long known formation of acet- 
aldehyde during the oxidation of aconitine to oxonitine and the 
detection by Majima and Tamura of formaldehyde among the 
oxidation products of mesaconitine seem to fit in with this inter- 
pretation. A precedent for the oxidative removal of an N-alkyl 
group is found in the conversion of tropine to tropigenine. 

Thus a strong case appears to have been made for the nature 
of the transformation of these alkaloids into oxonitine. However, 
our recent experience may reopen this question. The analytical 
values which we have obtained with oxonitine prepared directly 
from Merck’s crystalline aconitine as well as with aconitine puri- 
fied over the hydrobromide according to the method of Majima 
and Suginome (7) have been consistently somewhat higher than 
those required by the formula C32.HO..N and in closer agreement 
with that of C;3HgOwN. This was supported by the analytical 
results obtained with the “isomer (?)’’ previously described by us 
(1) and substantiated by our more recent work. At first we were 
reluctant to attribute too much significance to such analytical 
results until the experience with delphinine, as reported in the 
previous paper, had been encountered. Here from the analytical 
data the transformation of delphinine to oxodelphinine appears to 
proceed without loss of carbon atoms. Since this appeared to fit 
in with the oxonitine analyses, it was of importance to obtain 
other evidence. Accordingly, other derivatives of oxonitine were 
studied. On hydrogenation a herahydrooronitine was prepared. 
The analyses of this material supported a formula CyHyOwN. 


? Recent analyses of this more soluble oxidation product as well as those 
of its herahydro derivative are in agreement with a formula CyHgwO.nN for 
the former. It must be formed from aconitine without loss of carbon 
atoms and is therefore an ozoaconitine. It is produced in larger amount 
than oxonitine. This at once brings up the question as to whether both 
oxonitine and oxoaconitine are simultaneously formed from aconitine it- 
self by different reactions or whether the aconitine reported by different 
workers to yield oxonitine has not been homogeneous but contaminated 
by a Cy alkaloid which has been the source of oxonitine. This question 
is now under careful investigation. 
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Pyrooxonitine was then prepared according to Majima and Sugi- 
nome (8). Contrary to the recent assumptions of Tamura (9), 
many analytical results which we have obtained with pyrooxoni- 
tine are in close agreement with a formula Cs,HsgQwN rather 
than CyoH3;OjoN. Finally, on hydrogenation a_ crystalline 
hexahydropyrooxonitine was prepared, analysis of which sup- 
ported the formula C3,;HgO,oN. 

Thus from our experience the question of the exact relationship 
of oxonitine to aconitine has been reopened and can be finally 
settled only when the exact nature of the steps involved in the 
transformation of mesaconitine and aconitine to oxonitine has 
been determined. 

In accordance with this, attempts at the degradation of oxoni- 
tine have been in progress. At this point we wish to report the 
results of a preliminary study of the cleavage of oxonitine with 
methyl alcoholic HCl. Roughly 40 to 50 per cent of a crystalline 
base has been obtained. Analyses indicate the presence of five 
methoxyl groups and at least one N-methyl group. Since CO, 
was formed during the production of the substance, the possibility 
appears that lactam cleavage occurs with loss of CO, and either 
with or without methylation of a resulting secondary amino group. 
Since in the case of the reaction of oxodelphinine with methyl 
alcoholic HCl the acetyl group is replaced by methyl, such a 
reaction may also occur here. The resulting base should then 
have a formula C3,HgOyoN or CgsHgOyN. However, this inter- 
pretation can be merely provisional and must await the results 
of further study. Attempts at further degradation (exhaustive 
methylation) of the substance are now in progress. 


EXPERIMENTAL 


Oxonitine—For the preparation of this substance we have used 
Merck’s crystalline aconitine directly as such, and aconitine 
obtained from it by purification over the hydrobromide according 
to Majima and Suginome (7). In the latter case the recrystal- 
lized hydrobromide was reconverted to the base which was then 
recrystallized from methyl alcohol. This material then melted 
at 202-205°, depending on the rate of heating. 


CyHy,0,,N. Calculated, C 63.22, H 7.34; found, C 63.40, H 7.28 
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The purified alkaloid was oxidized with permanganate in acetone 
and acetic acid solution essentially according to the procedure of 
Barger and Field (10). After completion of the oxidation, the 
collected mixture of MnO, and oxonitine which had crystallized 
was treated in aqueous suspension with SO, to remove the MnQy. 
From 5 gm. of purified aconitine, 0.83 gm. of oxonitine was di- 
rectly obtained. After recrystallization by addition of acetone to 
the solution in hot acetic acid, it separated as the usual heavy 
crystalline powder and melted at 279-282° after preliminary 
softening. 

la]? = —45° (c = 0.956 in chloroform) 
CysHywOwN. Calculated. C 61.36, H 6.72 


CyHyOnN. - ** 60.82, “ 6.55 
Found. ** 61.67, “ 6.61 


Other preparations of equivalent character gave the following 
results. 
Found. C 61.39, H 6.71 
“a ** 61.53, “* 6.63 
When Merck’s crystalline aconitine was directly employed 
without purification, similar results were obtained. 


Found. C 61.45, H 6.65 


** 61.24, “ 6.54 
we ** 61.09, “ 6.70 
- ** 61.00, ‘ 6.48 


From 20 gm. of Merck’s alkaloid, the yield of crude oxonitine 
was 5.5 gm. and 4.1 gm. of the following substance. 

The acetone filtrate from the mixture of MnO, and oxonitine 
obtained above from the oxidation of recrystallized aconitine 
was concentrated to about 20 ce. On dilution with water 
an appreciable precipitate formed, which was collected with 
water. It proved to be a mixture. The filtrate from this after 
neutralization with sodium carbonate solution was extracted 
with chloroform. The washed chloroform extract was dried and 
concentrated to dryness. The residue when dissolved in a small 
volume of methyl alcohol slowly deposited prisms and rods. The 
yield of collected material was 1.3 gm. After recrystallization 
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from methy] alcohol it melted at 261°. The substance, like oxoni- 
tine, is not dissolved by dilute acid or alkali. 
[a]> = —98° (c = 0.956 in chloroform) 
CyHyOuN. Calculated. Cc 61.36, H 6.72, N 2.17, OCH; 19.22 


Found. (a) ‘ 61.40, “‘ 6.69, “‘ 2.57, “ 19.18 
- (b) “* 61.45; “ 6.75, “2.42, “ 19.07 


From a run of 20 gm. of Merck’s crystalline aconitine the yield 
of this substance was 4.1 gm. After recrystallization from methyl 
alcohol it melted at 261°. 


[a]p = —99° (c = 1.01 in chloroform) 
Found. C 61.69, H 6.51 


Hexahydroaconitine’—0.5 gm. of purified aconitine was dissolved 
in 5 ec. of alcohol with a few drops of HCl and hydrogenated with 
50 mg. of platinum oxide catalyst under 3 atmospheres pressure. 
The absorption of H, was prompt and appeared to be complete in 
about 30 minutes. The absorption corresponded to 3 moles. 
The hydrogenated alkaloid as such was not obtained in crystalline 
form but was isolated as the beautifully crystalline perchlorate. 
This was obtained by addition of sodium perchlorate solution to 
the aqueous solution of the very soluble hydrochloride. Re- 
crystallized by dilution of its concentrated solution in alcohol, it 
formed square-ended prisms which melted at 209-210° after 
preliminary sintering. 

CyHy0;,N-HClO,. Calculated. C 54.26, H 7.24 
Found. ‘“« 53.84, “* 7.35 


On hydrolysis with water at 160-165° hexahydrobenzoic acid was 
cleaved from it. After acidification with HCl and extraction 
with ether, this acid was obtained as an oil with characteristic odor. 
The concentrated HC! solution after addition of acetone crystal- 
lized on seeding with aconine hydrochloride. The collected 
material melted at 174-176° and gave no depression with aconine 
hydrochloride. 

Hexahydrooronitine—0.15 gm. of oxonitine was suspended in 


? Without isolation of the products, Freudenberg (11) demonstrated the 
absorption of 3 moles of H; by the benzoyl! group in aconitine and oxonitine, 
and not in aconine. 
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acetic acid and shaken with 50 mg. of platinum oxide catalyst in 
hydrogen under 3 atmospheres pressure. Although absorption 
occurred promptly and all oxonitine dissolved within several 
hours, the operation was continued overnight. The filtrate from 
the catalyst left on concentration a crystalline residue. The 
substance formed prisms or minute rods from 95 per cent alcohol, 
which melted at 253° on rapid heating. 


CyHyOwN. Calculated. Cc 60.80, H 7.58 


CyHyOwN. os ** 60.25, “ 7.43 
Found. ** 60.74, ‘* 7.49 
o ** 60.94, “ 7.30 


Pyroozonitine—This was prepared essentially according to 
Majima and Suginome (8). 0.4 gm. of oxonitine was heated in an 
atmosphere of Hz at 280-285°. As soon as the substance melted, 
the tube was withdrawn from the bath. After cooling, the melt 
was dissolved in a few cc. of methyl alcohol and allowed to stand 
at 25° overnight. A small amount of unchanged oxonitine sepa- 
rated. The concentrated filtrate gave a resin which crystallized 
readily under chloroform. The collected material was recrystal- 
lized from chloroform and contained solvent. It was collected 
with chloroform and washed with a mixture of chloroform and 
petroleum ether. 

For analysis it was dried at 120° and 20 mm. 


Cy, HyO;oN. Calculated. C 63.55, H 6.72 


CyoHs1O, oN. 7 * 63.01, “* 6.53 
Found. ** 63.48, ‘' 6.77 
ox ** 63.68, “ 6.90 


In another experiment successive fractions were obtained from 
chloroform, which after recrystallization from chloroform gave 
the following figures. 

Found. (a) C 63.30, H 6.45 
«“ (b) “ 63.34, “ 6.85 

Fraction (a) was then recrystallized from a mixture of alcohol 
and ether. 

Found. C 63.45, H 6.77 
** 63.53, ‘* 6.78 

Majima and Suginome have reported a melting point of 231° 
for pyrooxonitine. In no case have we been able to duplicate this. 
Our substance as it separated from chloroform melted slowly to a 
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colorless resin at 160-170°. The material from alcohol-ether, 
which lost about 1 per cent in weight on drying, softened gradually 
to a resin at 170-180° which melted on further heating. Finally, 
when recrystallized from methyl alcohol the substance melted 
sharply at 180°. In the latter case a rotation was found of 


[a]? = —127° (c = 1.14 in methyl alcohol). This agrees closely 
with the values reported by Majima and Suginome, which approxi- 
mated [a], = —128° in methyl alcohol. 


Hexahydropyrooronitine—0.15 gm. of pyrooxonitine was hydro- 
genated in alcoholic solution under 3 atmospheres pressure with 
50 mg. of platinum oxide catalyst. After 2} hours absorption had 
practically stopped. The absorption due to the substance was 
slightly in excess of 3 moles. The concentrated filtrate crystal- 
lized readily under ether. The collected material was recrystal- 
lized from acetone-ether and formed platelets which melted slowly 
at 160-163° to a viscous mass. 

For analysis it was dried at 110° and 20 mm. 


CyHyOjoN. Calculated. C 62.91, H 7.67 


Cao gOioN. “s ** 62.35, “ 7.51 
Found. ** 62.81, “ 7.67 
- ‘** 62.76, “‘ 7.53 


Base, from Oxonitine—50 mg. of oxonitine were heated in a tube 
with 2 cc. of a6 per cent solution of HCl in dry methyl alcohol at 
100° for 18 hours. A clear solution resulted which was concen- 
trated in vacuo to dryness. The resinous residue was dissolved 
in water and after being made alkaline with dilute NaeCO,; the 
mixture was extracted with chloroform. The dried extract on 
concentration gave a residue which crystallized as platelets from 
ethyl acetate. The yield was 25mg. The substance proved to be 
a base and dissolved readily in dilute acid. It melted at 250° 
after preliminary sintering. It was easily soluble in alcohol, 
acetone, less readily in ethyl acetate, and but sparingly soluble 
in ether. 


CyHgyOieN. Calculated. C 62.91, H 7.67, N 2.37 
CyeHyO, oN. - ** 63.43, “‘ 7.83, ** 2.31 
Found. ‘* 62.49, ‘* 7.58 
= * 6 eo ee 
CyHyOiwN. Calculated. 5(OCH;) 26.22, N(CH) 2.54 
CyeHyOioN. = - 25.62, = 2.49 
Found. - 24.94, 7 3.19 
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In another experiment in which 1 gm. of oxonitine was heated 
with 25 cc. of 4.7 per cent methyl alcoholic HCl, the tube was 
chilled to low temperature before opening. On opening, it was 
at once equipped with a tube leading into Ba(OH), solution. As 
the tube warmed up, the presence of CO, in the evolved gases was 
readily noted. No attempt at a quantitative estimation was 
made. In this experiment the yield of base was 0.36 gm. 
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INHIBITION OF RESPIRATION AND PHOTOSYNTHESIS 
IN CHLORELLA PYRENOIDOSA BY ORGANIC COM- 
POUNDS THAT INHIBIT COPPER CATALYSIS* 


By LOWELL F. GREEN, JAMES F. McCARTHY, anv C. G. KING 
(From the Department of Chemistry, University of Pittsburgh, Pittsburgh) 


(Received for publication, February 23, 1939) 


The suggestion that compounds known to inhibit copper 
catalysis might exert an inhibiting effect upon photosynthesis 
and respiration in green plants arose primarily from the following 
considerations: (a) The aerobic oxidation of ascorbic acid is very 
sensitive to catalysis by copper-protein complexes in a great 
variety of plant press-juices (1). (6) Both copper (2) and as- 
corbic acid (3) are found in relatively high concentrations in green 
leaves and other plant tissues that have a capacity for photo- 
synthesis. (c) Although the evidence is far from complete, it is 
not unreasonable to believe that copper and ascorbic acid may be 
concerned, directly or indirectly, with both respiration and photo- 
synthesis in green plants. 

Previous work in other laboratories has shown that photo- 
synthesis is more sensitive than respiration to inhibition by cyanide 
(4-6) and the urethanes (6, 7). 

The present investigation has shown that typical copper “‘poi- 
sons” inhibit both photosynthesis and respiration in Chlorella 
cells, the respiration being less sensitive than photosynthesis. 


EXPERIMENTAL 


The unicellular fresh water alga Chlorella pyrenoidosa was grown 
in pure culture and used for the experiments primarily because of 
the extensive investigations that have been made on photosyn- 


* Contribution No. 372 from the Department of Chemistry, University 
of Pittsburgh. 

The authors are indebted to the Buh! Foundation for a research grant 
that has made the present investigation possible. 
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thesis and respiration in these plants, and further, because of the 
convenience of their use in manometric vessels. The strain 
selected has been in use for a number of years by one of us (8, 9) 
as well as by others (5-7, 10-13), for photosynthesis experiments, 

The method of culture was essentially the same as that used by 
the authors cited. Flasks containing sterile salt solutions were 
inoculated and placed in a water bath close to an ordinary incan- 
descent lamp (60 watt). A slow continuous stream of 5 per cent 
carbon dioxide in air was passed through the flasks. The tem- 
perature of the water bath was maintained at about 25°. The 
cultures were used after they had grown for 2 or 3 weeks, at which 
time they contained about 4 c.mm. of cells (centrifuged) per ml. 
of fluid. 

The manometric method of Warburg (6) was used to determine 
the rates of respiration and of photosynthesis during short periods. 
Vessels of the rectangular type were employed, with a fluid volume 
of 8 ml. For the experiments the Chlorella cells were centrifuged 
out of their culture fluid and suspended in 0.05 m KH;,PO,, pH 4.6, 
which was not altered when the suspension was saturated with 5 
per cent CO, in air for the photosynthesis experiments. This 
phosphate-CO, medium has been found very favorable for meas- 
urement and calculation of maximum photosynthesis rates (9). 

For attaining the high light intensities required to promote a 
maximum rate of photosynthesis, incandescent lamps (60 watt) 
were immersed in the thermostat very close to the vessels, one 
lamp for each vessel. This was found to give adequate intensity, 
but made the control of temperature difficult at 25°. Because of 
this, most of the experiments, including all of those specifically 
cited here, were performed at 30°. Control experiments showed 
a constant rate of photosynthesis over a period of at least 2 hours. 
In the respiration experiments the vessels were covered with 
tin-foil. 

The calculation of rates is based on the assumption that the 
respiratory and photosynthetic quotients (— CO./O.) are unity. 
This is known to be true in the absence of the inhibitors (6, 14, 15). 
The inhibitors may have some effect on these quotients and in turn 
on the recorded quantitative rates, but the error would probably 
not alter the interpretation of our results. Assuming unity of 
these quotients, the amount of O, produced or consumed (c.mm.) 
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is equal to K,; X h, where h is the pressure change in mm. and K, 
is the vessel constant for a quotient of unity, equal to keo, X 
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Fic. 1. Inhibition of photosynthesis in Chlorella by thiourea. Tem- 
perature 30°, pH 4.6, 0.05 m KH,PO,, 20 e.mm. of cells, 8 ml. total fluid 
volume per vessel. Curve A, control, no inhibitor; Curve B, 0.035 mu 
of inhibitor; Curve C, 0.07 mm of inhibitor; Curve D, 0.14 mo of inhibitor. 

Fig. 2. Inhibition of photosynthesis in Chlorella by 8-hydroxyquinoline. 
Temperature 30°, pH 4.6, 0.05 m KH,PO,, 20 c.mm. of cells, 8 ml. total 
fluid volume. Curve A, control, no inhibitor; Curve B, 0.01 mm» of in- 
hibitor; Curve C, 0.061 ma of inhibitor. 


ko,/kco, — ko. kco, and ko, being the vessel constants for a single 
gas, calculated in the usual manner (14, 15). 

Effect of Inhibitors—Typical photosynthesis experiments are 
shown in Figs. 1 and 2. Each curve represents a separate vessel, 
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the volume of cells in each vessel being 20 c.mm. (centrifuged). 
The amounts of thiourea and of 8-hydroxyquinoline shown are the 
total amounts in 8 ml. of fluid. The inhibitors were added to the 
cell suspensions about 50 minutes before the pressure readings 
were begun. 

For the measurement of respiration a much larger volume of 
cells was required, as the respiratory rate of the Chlorella cells 
was about 2.5 per cent of the photosynthesis rate. 

The amounts of inhibitors required to inhibit respiration were 
larger than required for inhibiting photosynthesis, partly because 
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Fic. 3. Inhibition of respiration in Chlorella by thiourea. Tempera- 
ture 30°, pH 4.6, 0.05 m KH,PO,, 100 c.mm. of cells. Curve A, no inhibi- 
tor; Curve B, 0.7 mo of inhibitor; Curve C, 1.5 mm of inhibitor. 


of the larger number of cells present, and partly because of a lower 
sensitivity of respiration to the inhibitors. Small amounts of the 
inhibitors were either without effect or produced an acceleration 
of respiration. Fig. 3 illustrates the effect of thiourea on respira- 
tion. The thiourea was added to 100 c.mm. of cells 35 minutes 
before the readings were begun. The amounts of inhibitors shown 
are the total amounts in 8 ml. of fluid. 

Because of the low solubility of 8-hydroxyquinoline, it was not 
possible to obtain a solution concentrated enough to inhibit respira- 
tion. A saturated solution gave a rate identical with that of the 
control. 
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The other inhibitors tried, potassium ethyl xanthate, sodium 
diethyldithiocarbamate, allylthiourea, and salicylaldoxime, all 
gave marked inhibitions of photosynthesis when similar amounts 


of the inhibitors were present. The effects of xanthate and 
carbamate on respiration were obscured by the evolution of gas 


A 
200} e 
180 + 
160+ 
140+ 


gl” - 


| 


E 
¢/00 
i) 


T 


8 





i jl ali A. i 
10 20 30 40 50 
Minutes 

Fic. 4. Reversibility of thiourea inhibition of photosynthesis in Chlo- 
rella. Temperature 30°, pH 4.6, 0.05 mw KH,PO,, 20 c.mm. of cells. Curve 
A, dialyzed cells, no inhibitor; Curve B, 0.07 ma of inhibitor added, then 
dialyzed; Curve C, undialyzed cells, no inhibitor added; Curve D, 0.07 
mo of inhibitor added, without dialysis. 





in the presence of large amounts of Chlorella cells. This was 
sufficient to overbalance the negative pressure change due to res- 
piration, and was apparently due to a slow decomposition of these 
rather unstable organic substances. 

Reversibility of Inhibitions—Studies were made concerning the 
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reversibility of thiourea and salicylaldoxime inhibition on photo- 
synthesis and respiration. Aliquot portions of the necessary 
volume of culture suspended in 0.05 m KH:PO, (pH 4.6) were 
used. One was poisoned, then dialyzed against water distilled 
in Pyrex vessels. Another dialyzed similarly but without the 
addition of an inhibitor, served as a control. A third portion was 
used as an undialyzed control, for comparison with the fourth 
portion to which the inhibitor was added. The results with 
thiourea as an inhibitor of photosynthesis are illustrated in Fig. 4. 
The inhibitor was left in contact with the cells for 30 to 40 minutes 
before dialysis was begun. A period of 4 hours of dialysis in 


TABLE | 
Reversibility of Salicylaldorime Inhibition of Chlorella Respiration and 
Photosynthesis 
Temperature 30°, pH 4.5, 0.05 m KH,PO,. The results are given in 
e.mm. of O, per hour. 


Respiration Photosynthesis 





Inhibitor "ite te Ss ie 
Inhibited | Afterdialysis | Inhibited | After dialysis 
———————————————————————————E ——— an — — SSS —— 
None o ie | a | e 
(initial) | | (initial) 
Salicylaldoxime* | 8 61 25 65 


* The amount of salicylaldoxime used in the respiration experiments 
was 0.043 mm with 100 ¢.mm. of cells; in photosynthesis, 0.014 mm with 
20 c.mm. of cells. These quantities represent the total amounts in 8 ml., 
the total volume in the vessels. 


cellulose (Visking) tubes, with frequent changes of water, was 
sufficient to remove the inhibitors to non-effective concentrations. 
The cell suspensions were centrifuged and brought to their original 
volumes with 0.05 m KH,PO, before being placed in the vessels. 
The reversibility of salicylaldoxime inhibition is shown in Table I. 
As can be seen from Fig. 4 and Table I, dialysis (alone) of the 
Chlorella suspension caused slight increases in rates of respiration 
and photosynthesis. 

A number of titrations (3, 16) of the ascorbic acid content of the 
centrifuged Chlorella cells gave an average value of 0.17 mg. per 
ml., without marked variation in the samples studied. 
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SUMMARY 


1. A series of organic compounds characterized by their activity 
as copper “poisons,”’ thiourea, 8-hydroxyquinoline, allylthiourea, 
sodium diethyldithiocarbamate, potassium ethyl xanthate, and 
salicylaldoxime all exhibited marked inhibition of photosynthesis 
in Chlorella pyrenoidosa. 

2. The respiration of Chlorella pyrenoidosa was also inhibited by 
thiourea and salicylaldoxime, although higher concentrations were 
required, as found previously for cyanide inhibition. The solubil- 
ity of 8-hydroxyquinoline was too low to permit a marked effect 
upon respiration. The effect of sodium diethyldithiocarbamate 
and potassium ethyl xanthate on respiration was obscured by the 
effect of their decomposition products. 

3. The inhibition of both respiration and photosynthesis in 
Chlorella pyrenoidosa by thiourea and salicylaldoxime was re- 
versible. The initial rates were fully restored after 4 hours 
dialysis and centrifuging. 

4. The ascorbic acid content of centrifuged cells of Chlorella 
pyrenoidosa was 0.17 mg. per ml. 
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THE SUBSTRATE SPECIFICITY AND INHIBITION CHAR- 
ACTERISTICS OF TWO COPPER-PROTEIN 
“OXIDASES’’* 


By JAMES F. McCARTHY, LOWELL F. GREEN, anv C. G. KING 
(From the Department of Chemistry, University of Pittsburgh, Pittsburgh) 


(Received for publication, February 23, 1939) 


Evidence has been presented in earlier publications that the 
rapid oxidation of ascorbic acid in plant press-juices, when exposed 
to air, is primarily due to the catalytic effect of copper combined 
with protein. The evidence was of three types: (a) sensitivity to a 
number of organic and inorganic copper inhibitors, (b) the presence 
of adequate quantities of copper in the press-juices and enzyme 
preparations, and (c) the similarity between the enzyme prepara- 
tions and known copper-protein complexes (1, 2). 

Other plant and animal oxidative catalysts, such as (a) those 
that lead to quinone formation, (b) the cytochrome system, and 
(c) hemochromogens, can obviously serve as catalysts for the 
oxidation of ascorbic acid, but the dominant active agent in many 
plants appears to be copper. 

In view of the subsequent finding by Kubowitz that potato 
“polyphenol oxidase”’ was also a copper-protein type of catalyst 
(3), it was of interest to investigate the relative substrate specifici- 
ties and inhibition characteristics of these two forms of copper- 
protein. 

Previous evidence has indicated that neither type of catalyst is 
highly specific in relation to substrates. We have pointed out the 
undesirability of naming the catalyst that serves for the oxidation 
of ascorbic acid in terms of a specific substrate, at least until further 
evidence of its substrate specificity is available (1), and Kubowitz 


* Contribution No. 373 from the Department of Chemistry, University 
of Pittsburgh. 

The authors are indebted to the Buhl Foundation for a research grant 
that has made this investigation possible. 


455 








BRD pt FP tafe i my 


8 mal nee 5 ATP 





456 Copper-Protein Oxidases 


has urged a non-specific type of nomenclature in relation to the 
highly purified oxidase from potato (4). The preparation studied 
by Johnson and Zilva (5) was active on the following substrates: 
l-ascorbic acid (vitamin C), d-ascorbic acid, d- and I-glucoascorbie 
acid, d- and l/-galactoascorbic acid, and d- and l-araboascorbic acid 
(the names being derived from the corresponding sugar to which 
1 carbon atom had been added by a Kiliani synthesis). Kubo- 
witz’s enzyme (3, 4) was active on catechol, tyrosine, adrenalin, 
dihydroxycinnamic acid, dopa, pyrogallol, and protocatechuic 
acid. After an induction period, phenol and p-cresol also served 
as substrates. 

Rosenberg, using a titrimetric measure of oxidation rate, re- 
ported (6) that both d-araboascorbic and d-ascorbic acids were 
oxidized at a slower rate than l-ascorbic acid. Zilva has found 
l-ascorbic and d-araboascorbic, or d-isoascorbic acid to be oxidized 
at the same rate. 


EXPERIMENTAL 


The water used for rinsing apparatus and making up solutions 
was redistilled three times from Pyrex stills, the first containing 
alkaline permanganate, and the second, phosphoric acid. Kahl- 
baum’s phosphates were used in making up buffers. The catechol 
was resublimed and potassium ethyl xanthate was freshly pre- 
pared. All other substrates and inhibitors were recrystallized 
to sharp melting points. 

The manometric methods of Warburg, with Erlenmeyer type, 
air-filled vessels, were used in all of the experiments. The en- 
zymes and copper salt solutions were placed in the main vessel, 
with substrates in the side arm and 0.2 ml. of 10 per cent KOH 
in the alkali cup. The temperature was 37.2° and the total vol- 
ume in each cup was 3.4 ml. The rate of reaction was expressed 
as c.mm. of O: consumed per hour, extrapolated when necessary 
from the linear rate obtained for the major part of the reaction. 

The experimental copper-protein solutions contained sufficient 
copper to give an oxidation rate comparable to that of the en- 
zymes. Studies were made with both slow and fast rates of oxi- 
dation. 

Although the buffers contained sufficient copper to cause a slow 
oxidation of ascorbic and isoascorbic acids, this effect was neg- 
ligible in the presence of protein. 
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Preparation of Enzymes—The cucumber juice, pH 5.9 + 0.1, 
was pressed from the previously frozen pericarp immediately after 
thawing in a glass mortar. After centrifuging, enzyme concen- 
trates were prepared by acetone precipitation and by lowering 
the pH of the juice. In the former method, as recorded in the 
general procedure of Tauber et al. (7) for preparing the enzyme 
from squash, the active precipitate separated when the acetone 
concentration was between 20 and 40 per cent. The separation 
was not sharp, however, and the product underwent extensive 
denaturation. Peculiarly, the suspensions were often nearly 
as active as the original solutions. Fractional precipitation by 
acids was, in general, more satisfactory than the acetone frac- 
tionation. Inactive proteins separated when the pH was lowered 
to 5.0, followed by precipitation of the active fraction between 5.0 
and 4.5. Redispersion was nearly complete at pH 9.0, and could 
be followed by repeated precipitations at pH 4.5. 

The potato oxidase was prepared according to the method 
described by Kubowitz (3). 

The experimental copper-protein complex was prepared by 
adding dilute copper sulfate solution to a 5 per cent solution of 
egg albumin, followed by dilution. 

Substrate Specificity—As indicated by the data in Fig. 1, in 
agreement with the finding by Johnson and Zilva (5), the cucum- 
ber oxidase was found to be equally active on l-ascorbic acid and 
d-isoascorbic acid. The latter (Curves A, C, and E) was oxi- 
dized slightly faster than ascorbic acid (Curves B, D, and F) 
when copper ion or synthetic copper-protein catalysts were used. 

Under the same experimental conditions (as in Fig. 1), except 
for the added substrates, p-phenylenediamine, kojic acid, and 
catechol did not cause an appreciable oxygen uptake in the pres- 
ence of the same three catalysts. Copper ion was tested at con- 
centrations as high as 0.11 mm. 

Very active potato oxidase preparations had no effect on kojic 
acid, p-phenylenediamine, ascorbic acid, or d-isoascorbic acid. 
The failure of ascorbic acid to serve as a substrate for the potato 
oxidase was also observed by Kubowitz in his latest paper (4). 

The inhibitors were neutralized when necessary and diluted to 
the desired concentrations with 0.1 m Sérensen phosphate buffer 
(pH_ 5.9). 

As shown in Table I, the effect of the inhibitors was similar 
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on the cucumber enzyme (acting on the above substrates) and 
on the potato oxidase (catechol substrate). Salicylaldoxime in- 
hibition was not complete on either cucumber or potato oxidase 
at high concentrations of the enzymes, but when the oxidation 
rates were decreased by dilution, fairly low concentrations of the 
“poison” gave complete inhibition. Although 8-hydroxyquinoline 
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Fic. 1. The catalytic effect of copper ion, copper-protein, and cucumber 
oxidase on the aerobic oxidation of d-isoascorbic (Curves A, C, and E) 
and l-ascorbic (Curves B, D, and F) acids. Curves A and B, 6 X 1075 
ma of Cu with protein; Curves C and D, 6 X 10~* mm of Cu alone; Curves 
E and F (identical), cucumber oxidase. T 37.2°, pH 5.9, 0.1 m PO, buffer, 
5.6 X 10~-* mo of substrate. 








gave consistent results with dilute protein solutions, we again 
noted its inability to block copper-albumin or enzymic catalysis 
when the protein concentration was high. The concentrations of 
inhibitors reported in Table II are much higher than the concen- 
trations required to produce complete inhibition in the presence 
of low protein concentrations. Ethyl urethane exerted practically 
no effect at comparable concentrations. 
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Dialysis—Both the potato oxidase and the cucumber oxidase 
were dialyzed against triple distilled water at pH 5.8 to 5.9 for 
as long as 12 days without a marked loss of activity. At pH 
values of 3 or less, dialysis caused a distinct loss in activity in 
much less time. Kubowitz reported the removal of copper from 
potato oxidase under similar conditions. When inactivated by 
sodium cyanide, the cucumber enzyme remained inactive after 


TABLE I 
Substrate Specificity and Effect of Copper Inhibitors 





Rate of O2 consumption, e.mm. Oz per hr. 


(pH 5.9, 37.2°) 
Ascorbic acid, 0.01 mu Catechol, 0.007 mu 

t oa | @ g 
a 58 | 7c 
. 1% a 
z et - = M Potato 
© a S g 2 oxidase 
= | txt = s & 

¢ 2 g 2 5 
x aa 5 = E) 
oO oO _ Oo 

No inhibitor.............. 110 110 | 110 0 0 135 


Per cent inhibition 


se 100 100 | 100 100 
K ethyl xanthate, 0.01 mm 100 =6©100~—s«:100 100 
NaCN, 0.02 mm....... 100 | 100 100 100 
NaN;, 4 X 107-3 mm... A 100 | 100. «100 100 
Thiourea, 0.17 mm... 100 | 100 | 100 75 

(0.3 mm) 
Salicylaldoxime, 0.07 mm... 100 100 | 100 60 


(0.14 mM) 


* The quantities of copper, ascorbic acid, and inhibitors given in the 
table represent the total amounts in 3.4 ml. of reactants. 


dialysis, a peculiarity that will be further investigated. This 
was in contrast to the effect of dialysis upon potato oxidase, whose 
activity was restored by removal of the cyanide. Dialysis at pH 
5.9 restored the activity of both enzymes following their inactiva- 
tion by diethyldithiocarbamate and thiourea. The results of 
these investigations are shown in Table III. The pH was regu- 
lated to 5.9 + 0.1 throughout the experiments. 
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Copper-Protein Oxidases 


TaB.e II 
Effect of Copper Inhibitors 


Rate of O, consumption, c.mm. O2 per hr. (pH 5.9, 37.2°) 


| aoe —_———_— 


| : = | blest acid, 
Ascorbic acid, 0.01 mm 0.01 mu 











6 X 10-31 X 10-4) 1X 10-4 
2xX10-* mM mu | Cu- 2X104 mm Cu- 
|} mu | Cutt Cu** jcumber| mu § Cu** cumber 




















|} Cutt + + (oxidase) Cu** + oxidase 
| protein | protein | | protein 
No inhibitor.............. | 430 | 360 | 360 | 370 | 460 | 380 | 370 
= Per cent inhibition “a 
Diethyldithiocarbamate, 8 
Se a ere 100 | 100 | 100 100 | 100 | 100 | 100 
Potassium ethyl xanthate, | 
| a ee 100 | 100 | 100 | 100 | 100 | 100 100 
Sodium cyanide, 0.04 ma..| 100 | 100 | 100 | 100 | 100 | 100 | 100 
Sodium azide, 0.01 mm....| 99 | 98 | 9 | 9 | 99 | 98] 99 
Salicylaldoxime, 0.17 mu..| 100 | 65 | 75 | 65 | 100 | 75 65 
Thiourea, 0.3 mm......... 100 90 | 92; 90 | 100; 9 90 





* The quantities of copper, ascorbic acid, d-isoascorbic acid, and in- 
hibitors in this table represent the total amounts in 3.4 ml. The quantity 
of albumin in 3.4 ml. was 8 mg. (second column). The total amount of 
protein in the copper plus cucumber protein was approximately 4 mg. 
(third and sixth columns). 


TaB_e III 
Effect of Dialysis upon Oxygen Uptake after Inhibition 
Temperature 37.2°, pH 5.9 + 0.1 














Ascorbic acid, 0.01 mm, Catechol, 7 X 10-3 mm, 
+ cucumber oxidase + potato oxidase 
Inhibitor used* 
Inhibited dele Inhibited dicinsie 
c.mm. per hr. oh. ¢.mm., per hr. owik 
None 370 365 135 133 
(initial) (initial) 
NaCN 0 4 0 132 
Na diethyldithiocarbamate | 0 360 0 130 
Thiourea 25 350 30 130 














* The concentrations of inhibitors were the same as in Table I. 
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Snow and Zilva (8) have reported that dialysis destroys the ca- 
pacity of cucumber juice to serve as a catalyst for the oxidation of 
dihydroxymaleic acid, apparently by the removal of a quinone 
carrier. 

The copper-protein catalyst formed by adding copper sulfate 
to an inactivated cucumber protein was specific in promoting the 
oxidation of l-ascorbic and d-isoascorbic acids, but it did not 
affect the oxidation of catechol. It was also found to be ir- 
reversibly inactivated when subjected to sodium cyanide inhibi- 
tion, followed by dialysis. 

Each value given in Tables I to III and Fig. 1 represents an 
average of a number of determinations that were in close agree- 
ment. 


SUMMARY 


1. The rates of oxidation of l-ascorbic and d-isoascorbic acids 
were identical when catalyzed by cucumber oxidase, in agreement 
with the finding of Johnson and Zilva. With copper ion and 
synthetic copper-albumin as catalysts, the d-isoascorbic acid 
was oxidized slightly more rapidly than /-ascorbic acid. 

2. In testing the availability of l-ascorbic acid and catechol as 
substrates, it was found that the former, but not the latter, was 
oxidized in the presence of cucumber oxidase. With potato 
oxidase, the reverse was true—catechol was oxidized rapidly but 
ascorbic acid was not affected. 

3. Copper ion and synthetic copper-albumin (egg albumin) 
were practically non-effective as catalysts for the aerobic oxida- 
tion of catechol, but both were effective in the presence of |-as- 
corbic and d-isoascorbic acids. 

4. Typical inhibitors of copper catalysis, thiourea, ethyl xan- 
thate, diethyldithiocarbamate, cyanide, azide, and _salicylal- 
doxime were effective in poisoning both cucumber oxidase and 
potato oxidase, in comparable concentration ranges. 

5. The thiourea and diethyldithiocarbamate inhibitions were 
readily reversible with both potato and cucumber oxidases, but 
cyanide inhibition with the latter enzyme was not easily reversed 
by dialysis. 

6. Addition of copper ion to the inactivated cucumber oxidase 
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restored its activity toward ascorbic acid as a substrate, without 
showing an increased activity toward catechol. 
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STUDIES ON ACETONE-GLYCERALDEHYDE* 
IV. PREPARATION OF d(+)-ACETONE GLYCEROL 


By ERICH BAER ann HERMANN 0. L. FISCHER 


(Fromthe Department of Chemistry, Banting Institute, University of Toronto, 
Toronto, Canada) 


(Received for publication, December 7, 1938) 


In this communication is described the preparation of d(+)- 
acetone glycerol' by catalytic reduction of acetone d-glyceral- 
dehyde. We obtained the latter some years ago by the cleavage of 
1,2,5,6-diacetone d-mannitol (1) with lead tetraacetate (2). 
Since then we have made several observations as a result of which 
we have been able to simplify the preparations of diacetone d-man- 
nitol (1) and acetone d-glyceraldehyde (II), to improve their 
yields, and thereby to render d(+)-acetone glycerol easily 
obtainable. 

In the preparation of 1,2,5,6-diacetone d-mannitol (2-5) a 
notable improvement of the yield, to 55 per cent of the theoretical 
amount, has now been secured by the use of zine chloride (6-8), 
and optimal conditions for the reactions have been established. 
The isolation of the acetone d-glyceraldehyde formed by the 
oxidative cleavage of diacetone d-mannitol by means of lead 
tetraacetate has been simplified. The esterification of the acetic 


* The previous communications on acetone-glyceraldehyde have been 
published in Berichte der deutschen chemischen Gesellschaft and Helvetica 
chimica acta, the most recent one (Paper III) 2 years ago (1). 

1In accordance with the generally accepted usage we designate the 
spatial relationships of a molecule by the prefixes d- and /-, and the rotation 
by (+) and (—). For instance the positively rotating alcohol derived 
from acetone d-glyceraldehyde by reduction we call d(+)-acetone glycerol. 
The position of the prefix before the whole name indicates that the asym- 
metry is a characteristic only of the substitution compound and not of the 
glycerol itself. In the special case of acetone glycerol, the rotation has 
to be determined on the oily substance itself, or on its solution in water- 
free solvents, because in the presence of water the rotation is decreased 
and even reversed in sign. 
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acid liberated during the reaction has proved unnecessary; it 
suffices merely to distil off the benzene and the acetic acid through 
a suitable column, when a yield of nearly 80 per cent of the theo- 
retical is obtained on distilling the residue under reduced pressure. 
Hydrolysis by acetic acid does not occur in benzene solution. 

The above improvements have made easily available a key 
substance useful in the synthesis of the optically active forms of a 
large number of physiologically important compounds: (1) The 
product of its acid hydrolysis, d-glyceraldehyde,? has become 
important for the synthesis of sugars. (2) Its reduction product, 
the optically active d(+)-acetone glycerol, is the starting point for 
the preparation of optically active glycerides (10), glycerophos- 
phates, and phosphatides. The reduction of the aldehyde was 
accomplished in moist ethyl acetate under 80 atmospheres pres- 
sure of hydrogen with the nickel catalyst of Rupe, Akermann, and 
Takagi (11), or with the Raney nickel catalyst, whereby a good 
yield of d(+)-acetone glycerol (III) is secured. A further simpli- 
fication of the preparation of d(+)-acetone glycerol is made 
possible by conducting the oxidative cleavage of the diacetone 
d-mannitol in ethyl acetate solution. After the removal of the 
lead diacetate, the dissolved acetone d-glyceraldehyde can be 
immediately reduced with nickel and hydrogen. 

The structural uniformity of the d(+)-acetone glycerol and its 
constitution as the 1,2 derivative were established by hydrolysis 
of its monomethyl ether and titration of the resulting glycerol 
a-monomethyl ether with periodic acid. The optical rotation of 
the d(+)-acetone glycerol was unaltered by successive benzoyl- 
ation and saponification, and was numerically of the same degree 
as that of 1(—)-acetone glycerol prepared from l-arabinose. The 
asymmetry of the acetone d-glyceraldehyde is of course maintained 
in the glycerol series entirely by the initial presence of the iso- 


* Pure d-glyceraldehyde for use in physiological studies must be free 
from lead and other heavy metals and should be prepared from distilled 
acetone d-glyceraldehyde by 12 hour hydrolysis in dilute acetic acid at 
room temperature, followed by concentration in vacuo. For chemical pur- 
poses it is sufficient to wash the benzene solution of the acetone d-glycer- 
aldehyde repeatedly with dilute acetic acid and to concentrate the resulting 
solutions in vacuo ((1) p. 524). By the use of the improvements described 
here d-glyceraldehyde becomes more accessible than the dl-glyceraldehyde 
obtainable by the procedure of Wohl and Neuberg (9). 
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propylidene group in the asymmetrical 1,2 position. Should at 
any stage in the operations the molecule become symmetrical, a 
subsequent asymmetrical substitution would yield a racemic 
compound. 

As we have shown in a preliminary note (10) for the case of the 
change of d(+)-acetone glycerol into l(—)-acetone glycerol, it is 
possible, if the asymmetry is maintained in every step of the 
reaction, to change active forms into their antipodes. A second 
example is the conversion of the d- and the l-isopropylmalonamic 
acids into each other, exhaustively worked out by Fischer and 
Brauns (12). 

In the next two studies we shall report on the use of this new 
optically active material for the synthesis of optically active 
glycerides, and the biological /(—)-a-glycerophosphoric acid. 


EXPERIMENTAL 
1,2,5,6-Diacetone d-Mannitol 

To a solution of 60 gm. of zine chloride in 300 cc. of acetone, 
freed of insoluble zinc salts by decantation, 10 gm. of finely 
powdered d-mannitol were added. The mixture was shaken at 
20° until solution was complete (2 to 3 hours), allowed to stand for 
16 hours,’ and poured into a solution of 70 gm. of potassium car- 
bonate in 70 cc. of water covered by 300 cc. of ether. The whole 
was immediately shaken vigorously for half an hour. The 
acetone-ether solution was poured off the agglomerated pellets of 
zinc carbonate, the latter were washed twice with 100 cc. of 1:1 
acetone-ether solution, and the united filtrates were concentrated 
in the vacuum of a water pump. The concentrate was heated for 
2 hours in vacuo at 60-70°. The residue, now completely dry, was 
five times vigorously refluxed for 20 minutes each in 250 ec. por- 


* The preparation of diacetone mannitol can be considerably shortened 
if the acetone solution is refluxed for a few minutes. However, the mixture 
should not boil for more than about 5 minutes, otherwise the yield falls to 
zero, probably owing to the formation of triacetone mannitol. We there- 
fore recommend working at room temperature. 

‘ If the acetone solution is allowed to stand, or if it is evaporated before 
removing the zinc chloride, as described in a previous paper (6), triacetone 
mannitol is produced in a yield of 70 per cent, instead of the desired di- 
acetone mannitol. 
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tions of petroleum ether (b.p. 60-80°). The resulting solutions 
were rapidly filtered through a steam-heated funnel. On slow 
cooling long, fine crystals of 1,2,5,6-diacetone d-mannitol sepa- 
rated; these were filtered off with suction after several hours in 
the refrigerator. Yield 7.9 gm. (54.8 per cent of the theoretical). 
The melting point, 119°, could be raised to 122° by recrystalliza- 
tion from water, but for present purposes the product as obtained 
is sufficiently pure. The residue obtained by concentrating the 
petroleum ether mother liquor, when dissolved in alcohol and 
reprecipitated with water, yields fine crystals of triacetone d- 
mannitol (m.p. 68-70°). 


. 
Acetone d-Glyceraldehyde, CH,.—CH—CHO 
| 
O O 
4 4 
C 
° ie 
H;C CH; 


A suspension of 15.6 gm. of 1,2,5,6-diacetone d-mannitol in 
550 cc. of completely dry, thiophene-free benzene was quickly 
mixed by gentle stirring or gentle shaking with 26.4 gm. of lead 
tetraacetate. The sticky precipitate of plumbous salt was tritu- 
rated to a fine and colorless powder. If, when tested with 
potassium iodide-starch paper, lead tetraacetate was shown still 
to be present, diacetone d-mannitol was carefully added until all 
the oxidizing agent was used up. The preparation was filtered and 
the filtrate carefully concentrated as completely as possible with 
the use of an efficient fractionating column. The distillate con- 
tained, in addition to benzene, traces of acetone d-glyceraldehyde 
and up to 85 per cent of the acetic acid formed in the reaction. 
The residue, which was usually somewhat cloudy with traces of 
lead salt and possessed a characteristic odor, was run into a flask 
with a sealed-on receiver, and the rest of the benzene was evap- 
orated in the vacuum of a water pump. The residual impure 
acetone d-glyceraldehyde distilled at 35-42° under 8 to 11 mm. 
pressure (bath temperature 60-80°). In several experiments 
about 12.3 gm. (79.3 per cent of the theoretical) of pure acetone 
d-glyceraldehyde were obtained. In all the above operations the 
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materials and vessels were kept as free as possible from moisture. 
The further treatment of the acetone d-glyceraldehyde must be 
begun immediately because of its tendency to polymerize. 


* 
d(+-)-Acetone Glycerol, “a a oy —CH,OH 


0 O 
ba A 
C 


th 
HC CH; 


A solution of 11 gm. of freshly distilled acetone d-glyceraldehyde 
in 90 cc. of ethyl acetate saturated with water was mixed under 
nitrogen with 10 gm. of nickel catalyst prepared according to Rupe, 
Akermann, and Takagi (11), and at an initial pressure of 80 atmos- 
pheres of hydrogen the mixture was reduced in a rotating autoclave 
with a glass container for 24 hours at room temperature. The 
end-point of the reduction is recognized by taking a sample of the 
solution, distilling off the ethyl acetate, and saponifying the residue 
in very dilute mineral acid. When, after the residue is made 
alkaline, no reduction of Fehling’s solution is obtained even on 
heating, the reaction is finished. If the ethyl acetate solution 
still contained traces of acetone d-glyceraldehyde, either more 
catalyst was added and the reaction continued, or the solution 
was allowed to stand over potassium carbonate till on acid saponi- 
fication it no longer gave any reduction of Fehling’s solution. 

When reduction was complete, the catalyst was filtered off and 
washed several times with ethyl acetate. The entire filtrate was 
dried with potassium carbonate in two portions. The dried ethyl 
acetate solution was concentrated in a fractionating column with 
glass beads, and the residue fractionally distilled in the vacuum of 
a water pump. With a short Widmer spiral, even at the first dis- 
tillation, 9.16 gm. (82 per cent of the theoretical) of pure d(+)- 
acetone glycerol were obtained. Its boiling point under a pressure 
of 11 to 12 mm. was 80-80.5°; the refractive index n, was 1.4345 
at 19° and 1.4340 at 21°. The same values were observed for the 
optically inactive acetone glycerol which had been similarly dried 
in ethyl acetate by potassium carbonate and distilled in the same 
apparatus. d(+)-Acetone glycerol is readily soluble in water, 
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acetone, alcohol, ethyl acetate, chloroform, and benzene, but 
dissolves in petroleum ether only with difficulty. 

Substitution of the Raney nickel catalyst for that of Rupe gave 
similar results. In this case, with 11 gm. of the Raney nickel- 
aluminum catalyst, 6.9 gm. of freshly prepared acetone d-glyceral- 
dehyde dissolved in 80 cc. of ethyl acetate were subjected for 16 
hours to 80 atmospheres of hydrogen. 5.3 gm. (75.8 per cent of 
the theoretical) of d(+-)-acetone glycerol’ were obtained. B.p. 
(11 mm.) = 78-78.5°, n® = 1.4332. 

Titration According to Willstatter and Schudel—In order to obtain 
a quantitative figure for any traces of acetone d-glyceraldehyde 
remaining in the preparation, a titration with alkaline hypoiodite 
solution by the method of Willstaitter and Schudel (13) was carried 
out. After 30 minutes none of the iodine solution was used up. 
Therefore the preparation was absolutely free from acetone 
d-glyceraldehyde. 


C.H;:0; (132). Calculated. C 54.5, H 9.1, acetone 43.93 
Found. ** 64.5, “ 9.0, 44.35° 
Optical Rotation—(1) Homogeneous substance in a 1 dm. tube, a, = 
+13.62°, d **= 1.0704, [a]} = +12.6°; (2) in benzene, 0.3038 gm. of sub- 
stance in 2 cc., 1 dm. tube, c = 15.19, ap = +1.65°, [a]p = +10.8°; (3) in 
water, 0.2582 gm. in 2 cc., 1 dm. tube, c = 12.91, agg, = —0.22°, [ar] egos 
= —1.70°, ap = —0.21°, [a]p = —1.62°, aeses = —0.22°, [a]eses = —1.70°, 
Gsi¢.¢6 = —0.22°, [ax] sio56 = —1.70°; (4) in pyridine, 0.2455 gm. in 2 cc. of 
absolute pyridine, 1 dm. tube, c = 12.27, ap = +1.36°, [a]> = +11.09°; 
(5) in methyl alcohol, 0.2646 gm. in 2 cc., 1 dm. tube, c = 13.23, ap = +1.42°, 
[a]p = +10.7°. 
Molar Refraction—np = 1.4345, d? = 1.0704. Molar refraction calcu- 
lated, 32.28;7 found, 32.15. 


d(+)-Acetone Glycerol (Simplified Preparation)—To a cooled 
solution of 10.4 gm. of diacetone d-mannitol in 90 cc. of ethyl 
acetate, 17.6 gm. of finely powdered lead tetraacetate were added 
in several portions. Oxidation took place immediately and with a 
certain development of heat. The precipitate of plumbous salt, 
at first yellow and gummy, rapidly solidified on agitation. After 
15 minutes the preparation was filtered; to the filtrate, which 


* For the elimination of possible traces of acetone d-glyceraldehyde 
use the method employed in the preceding preparation of d(+)-acetone 
glycerol. 

* By the method of Messinger (14). 

? All oxygen was assumed to be hydroxy! oxygen (15). 
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contained only traces of lead salt, 3 cc. of water and 10 gm. of 
fresh Rupe’s nickel catalyst* were added, and the mixture was 
subjected to 80 atmospheres of hydrogen for 24 hours. The 
further treatment of the reduced solution was carried out in 
exactly the same way as described in the previous experiment. 

7.5 gm. (72.8 per cent of the theoretical) of analytically pure 
d(+)-acetone glycerol were obtained. B.p. (10 mm.) = 77-77.5°, 
refractive index, n? = 1.4347. 


Optical Rotation—Homogeneous substance in a 1 dm. tube, ap = +14.97°, 
d®* = 1.0704, [a]>} = +13.98°. 


(+)-a-Benzoyl a’ ,B-Acetone Glycerol® (from d(+-)-Acetone Glycerol) 
a 
ee Tes al ates 


0 O 
a ail 
C 


“Se. 
HC CH; 


To a mixture of 3.0 gm. of d(+)-acetone glycerol ([a],= 
+12.6°) and 3 gm. of absolutely dry quinoline, 3.17 gm. of benzoyl 
chloride in several portions were added with occasional cooling. 
After 20 hours water was added and the oil taken up with ether. 
The ether solution was first washed with potassium carbonate 
solution for 15 minutes, then rapidly with ice-cold 0.1 N sulfuric 
acid, and finally with water, dried with potassium carbonate, and 
concentrated under reduced pressure. The residual oil was twice 
fractionally distilled in the vacuum of a water pump at a bath 
temperature of 170-180°. At 10.5 mm., and 159-160.5°, 4.1 gm. 
(76.4 per cent of the theoretical) of a clear, colorless, viscous dis- 
tillate were obtained. 


Ci3H 60, (236.1). Calculated. C 66.1, H 6.8, acetone 24.58, saponification 
No, 237.2 
Found. C 66.1, H 6.8, acetone 24.05, saponification 
No, 239.5 
Refractive Index—nj, = 1.5050, n5* = 1.5040. 
Optical Rotation—Homogeneous substance in a 1 dm. tube, d,” = 1.125, 
ap = +13.86°, [a]p = +12.31°. 





5 Raney’s nickel catalyst might also be used here. 
* Prepared according to the directions given by Fischer, Bergmann, and 
Barwind for the racemic a-benzoy!] acetone glycerol (16). 
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Recovery of d(+-)-Acetone Glycerol from (+-)-a-Benzoyl 
a’ ,B-Acetone Glycerol 


To a solution of 2.9 gm. of a-benzoyl a’ ,8-acetone glycerol in 10 
cc. of 96 per cent ethyl alcohol were added 2.5 cc. of 10 Nn NaOH, 
and the mixture was set aside at room temperature. After 
approximately 1} hours the preparation had set to a gelatinous 
solid. 6 hours later this was redissolved by the addition of 2.5 ce. 
of water and left overnight. Then 100 cc. of ether and 5 ce. of 
water were added, and the whole was thoroughly shaken. The 
lower aqueous layer was shaken twice with 30 ec. of ether and the 
united ether extract dried with sodium sulfate. The ether was 
removed with the help of a fractionating column with glass beads 
and the residue twice fractionally distilled. At a pressure of 11 
mm., bath temperature of 95-100°, 1.25 gm. (77.2 per cent of the 
theoretical) of analytically pure d(+)-acetone glycerol came over 
at 78.5-79°. n3’* = 1.4347. 


Optical Rotation—Homogeneous substance in a 1 dm. tube, d?* = 1.0704, 
ap = +13.54°, [aly = +12.6°. 


This saponification product is identical with the d(+)-acetone 
glycerol used in the preparation of the a-benzoyl a’ ,B-acetone 
glycerol, and its specific rotation is not due to some impurity. 
The addition of concentrated NaOH to an alcoholic solution of 
d(+)-acetone glycerol does not change its optical rotation during 
24 hours at room temperature. 


(+)-a-Methyl a’ ,8-Acetone Glycerol (from d(+-)-Acetone Glycerol) 


* 
CH,—CH—CH,—0O—CH,; 


| | 
0 O 


be 
C 
JON, 
H;C CH; 


A mixture of 2 gm. of d(+)-acetone glycerol, 22 gm. of methyl 
iodide, and 9 gm. of silver oxide was boiled for 12 hours under a 
reflux condenser. It was then diluted with absolute ether and 
filtered with suction. The silver oxide was extracted several times 
with boiling ether. The united filtrates were dried with sodium 
sulfate, and the solvent was distilled off through a column. The 
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residue was distilled under reduced pressure, with the bath tem- 
perature 65-75°, at 45-49° (10.5 mm.). 1.5 gm. (67.8 per cent of 
the theoretical) of a clear, mobile liquid possessing a phorone-like 
odor were obtained. The distillate was distilled once again and 
separated into two fractions: (I) 10.5 mm., bath 60-65°, vapor 
43-44°, 0.7 gm., n° = 1.4122; (IT) 10.5 mm., bath 60-65°, vapor 
44-46.5°, 0.55 gm. ni? = 1.4125. 
Fraction I was analyzed: 


C7H,,O; (146). Calculated. C 57.5, H 9.6, acetone 39.75 
Found. ** 67.3, * 9.5, «40.10 
Optical Rotation—(1) Homogeneous substance in a 1 dm. tube, d,* = 
0.9802, ap = +19.74°, [a]p = +20.14°; (2) in pyridine, 45.9 mg. in 0.3 ce. 
of absolute pyridine, 1 dm. tube, c = 15.3, ap = +1.97°, [a]p = +12.88°. 
Molar Refraction—n>* = 1.4122, d?* = 0.9802. Molar refraction calcu- 
lated, 37.02; found, 37.08. 


Titration with Periodic Acid—A solution of 193.7 mg. of the 
substance in 5 cc. of 0.1 N sulfuric acid was held at room tempera- 
ture overnight. Then 30 cc. of periodic acid solution containing 
394.8 mg. of periodic acid were added, and after 3 hours the excess 
oxidizing agent was titrated back with arsenious acid, the solution 
having been made slightly alkaline with bicarbonate. HIO, 
required for pure a-methyl glycerol. Calculated, 254.5 mg.; 
found 262.3 mg. (103 per cent of the theory). 


SUMMARY 


From d-mannitol optically pure d(+)-acetone glycerol with 
known configuration has been prepared and its constitution 
proved. 
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STUDIES ON ACETONE-GLYCERALDEHYDE 


V. SYNTHESIS OF OPTICALLY ACTIVE GLYCERIDES FROM 
d(+)-ACETONE GLYCEROL* 


By ERICH BAER anp HERMANN 0. L. FISCHER 


(From the Department of Chemistry, Banting Institute, University of 
Toronto, Toronto, Canada) 


(Received for publication, December 7, 1938) 


The use of enantiomorphic forms of optically active glycerides 
as substrates in biochemical research will presumably throw light 
on the steric and chemical relationships of a number of interesting 
physiological transformations (carbohydrate — fat, carbohydrate 
— phosphatide acids — phosphatides) and on the question of the 
stereochemical specificity of the enzymes of fat metabolism.' 
Therefore, one of the chief tasks in glyceride synthesis is the 
preparation of the enantiomorphic forms of asymmetrical types 
either from optically active material or by resolution of racemic 
forms, under conditions which should lead to chemically pure 
products of predetermined constitution and configuration. 

In the present paper we describe the preparation of a-mono- 
glycerides and asymmetrically substituted triglycerides contain- 
ing different acids with the aid of d(+)-acetone glycerol.? In 
subsequent papers the preparation of their antipodes from /(—)- 
acetone glycerol will be described. 

Of the earlier work on optically active glycerides, we must 
mention particularly the publications of Abderhalden and Eich- 


* An extract of this paper was given before the Sixteenth International 
Physiological Congress at Zurich, on August 16, 1938, and a preliminary 
note published (1). 

1A recent observation of such a relationship will be reported in the 
following paper (2). 

* See the preceding article, Paper IV (3). 
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wald (4), Bergmann and collaborators (5), Griin and Limpiicher 
(6), and Suzuki and Inoue (7).* 

In these reports, the recorded specific rotations of glycerides 
are all considerably smaller than those observed by us in compa- 
rable cases. The method used by Abderhalden and Eichwald 
entails in part cyclizations and additions to ethylene oxide rings, 
reactions in which it is obviously impossible to determine the 
actual positions of the substituents with desirable accuracy. It 
is probable that, contrary to the assumption of Abderhalden, 
the 8 addition prevails in the addition of acids to the active 
epihydrin alcohols, and this results in the formation of symmetrical 
and therefore inactive molecules.‘ In this case the agreement 
obtained between the rotations of the two series is no guarantee 
of the structural and optical uniformity of the antipodes. Even 
the refined methods of Bergmann, Sabetay, Brand, and Dreyer 
(5) do not yield glycerides with significantly higher rotations. 
Bergmann therefore recommended a search for methods of re- 
solving the racemic glycerides. 

The first to attempt this resolution were Griin and Limpiicher 
(6). The potassium salts of the a,§-diglyceridesulfuric acid 
esters prepared by them as intermediate products possessed an 
optical activity abnormal in its magnitude and dependence on 
temperature, while the diglycerides derived from these showed 
no perceptible rotation. By a similar process Suzuki and Inoue 
(7) prepared d- and l-a-phthalyl-a’, 8-dibenzoyl glycerol with the 
relatively high rotations of [a]! = +23.25° and —21.21° re- 
spectively. 

All the foregoing methods of synthesizing enantiomorphic 
glycerides involve the resolution of glycerol derivatives into their 
optically active forms with the aid of optically active bases or 
acids. We have avoided this troublesome procedure by the use 
of the d(+)-acetone glycerol. This choice of material permits 
at the same time the use of the unambiguous methods worked 
out by Fischer, Bergmann, and Barwind (10) for the preparation 
of inactive glycerides from racemic acetone glycerol. Following 


* An excellent review of previous work in the field of the synthesis of 
optically active glycerides is given by Griin (8). We shall therefore at- 


tempt no more comprehensive review. 
‘ In regard to the addition of acid to a-ethylene oxides see Houben (9). 
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Fischer’s directions we have prepared, by acylation of d(+)- 
acetone glycerol with acid chlorides and pyridine or quinoline 
(see Formule II — III), the acetone-a-monoglycerides described 
below. 








CH=0 CH,OH 
| | 
ate sellin, 'S Jods —_—— i fois — 
C | Cc 
ys 
CH,—0O \cu, CH,— 0% \cu, 
I II 
CH,OAc CH,OAc CH,OAc 
H ‘ O CH H mo & H ‘ OH 
= , a ‘Hs; —_—_—> onvandl wee —_,=— 
— l (i) 
CH,0H CH=0 


CH,;— 0% Nou, 
Ill IV Vv 
1(—)-a-Monoglyceride 





CH=0O HC=0O CH,OH 
| (H:) | | 
H—C—O0OH -—— | H—C—GE | ..... H—C—OH 
(O,) 
CH,OH CH,OAc CH,OAc 
VI VII VIII 


d(+)-a-Monogl yceride 


a-Acetyl-a' ,B-Acetone Glycerol—B.p. (10 to 11 mm.) = 85-86°, np = 
1.4288, [a]p = +3.24° (in homogeneous substance). 

a-Lauryl-a’ ,8-Acetone Glycerol—B.p. (0.002 mm.) = 130-131°, np = 
1.4448, [a]} = +3.42° (in homogeneous substance). 

a-Stearyl-a' ,8-Acetone Glycerol—M.p. = 43.5°, ap = 3.0-3.5° (in fused 
substance, 1 dm. tube); [a]p = +1.9° (in pyridine). 

a-Palmityl-a’' ,B-Acetone Glycerol—M.p. = 33-35°, ap = +4.38° (in 
fused substance, 1 dm. tube); [a]p = +2.48° (in pyridine). 


By acid hydrolysis of these acetone compounds we have ob- 
tained the corresponding active a-monoglycerides (IV): 


a-Monolauryl Glycerol—M.p. = 53-54°, [a]p = —3.76° (in pyridine). 
a-Stearyl Glycerol—M.p. = 76-77°, [a])p = —3.58° (in pyridine). 
a-Palmityl Glycerol—M.p. = 71-72°, [a]p = —4.37° (in pyridine). 








H 
i 
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a-(p-Toluenesulfonyl) Glycerol’—M.p. = 63-64°, [a]Jp = —7.3° (in 
pyridine). 
a-(p-Nitrobenzoyl) Glycerol—M.p. = 88-89°, [a]p = —17.1° (C;H,OH), 


In order to test whether in this hydrolysis there is any loss of 
optical activity due to the migration of the acyl group from the 
a to the 8 position, we have availed ourselves of the new titration 
tests of Criegee (11) and Malaprade (12) for 1,2-glycols. The 
titration of our monoglycerides according to Criegee showed 
them to be pure a-glycerides. They are therefore also optically 
pure. We wish to emphasize that the optically active a-mono- 
glycerides form especially suitable material for investigating 
acyl migration, so important in the chemistry of fats, because any 
migration can be ascertained in an unambiguous way both by 
observing the change in rotation and by using the two methods 
mentioned above for titration of 1,2-glycols. 

With regard to the question of the steric relationships of these 
a-monoglycerides we believe that the same principle should be 
followed as that which we have used and briefly explained in 
our preliminary note ((1) p. 589) on the biologically occurring 
l(—)-a-glycerophosphoric acid. We establish comprehensively 
the optical classification of the active a-monoglycerides in the 
following way. According to our preliminary paper the a- 
monoglycerides would be related to the corresponding d- or l- 
glyceraldehyde. Thus an a-monoglyceride which would be 
formed by the reduction of a 3-acyl-d-glyceraldehyde (VII — 
VIII) is called a d-a-monoglyceride, while a glyceride originating 
from a 3-acyl-l-glyceraldehyde is an Jl-a-monoglyceride. In 
other words, an a-monoglyceride is to be put in the same category 
with that glyceraldehyde into which it could be transformed by 
oxidation without any alteration or removal of substituents 
(IV + V, VIII— VII). This opinion is directly opposed to that 
of Abderhalden and Eichwald (4) who hold the view that no 


5 We give the specific rotation of this compound and the following one, 
which we will describe in a later paper, in order to show that in the a-mono- 
glycerides replacement of the fatty acid residues by those of aromatic acids 
considerably increases the rotations observed. 

* Since we can without constraint consider the a-glycerophosphoric 
acids as monoglycerides, their coordination is subject to the same points of 
discussion. We shall therefore in Paper VI (2) refer to these points as 
definitely proved. 
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steric classification of the a-monoglycerides is possible, since 
members of either series may be obtained from the same original 
material. 

In the preparation of the a-monoglycerides from acetone 
d-glyceraldehyde (1) through d(+)-acetone glycerol (Il) by 
acylation of the newly formed hydroxyl group and splitting off 
the acetone, we have introduced the new substituent into the 
hydroxyl group of that carbon atom which was part of the car- 
bonyl group of the original acetone d-glyceraldehyde. The 
a-monoglycerides (IV) prepared from d(+)-acetone glycerol 
therefore belong to the l-glyceraldehyde series and are to be 
designated I-glycerides, for if one were to oxidize the a-mono- 
glycerides thus obtained, the result, according to the assumptions 
discussed above, would be 3-acyl-l-glyceraldehydes (V). There- 
fore a change of configuration has taken place, and we find our- 
selves faced with the remarkable fact that application of the 
sequence of reactions mentioned above to a derivative of d- 
glyceraldehyde yields a derivative of JI-glyceraldehyde. This 
transformation from one steric series into the other one is made 
possible only by the peculiar kind of asymmetry in the glycerol 
series, an asymmetry which depends entirely on substitution. 
We have mentioned in the preceding paper two examples of in- 
version of configuration through a shifting of the substituents. 
Similarly the corresponding d-a-monoglycerides may be synthe- 
sized from I(—)-acetone glycerol, the preparation of which by 
reduction of acetone-l-glyceraldehyde (13) we have already 
worked out. We shall report on these at a later date. The 
biological significance of the above steric classification will be 
set forth in Paper VI (2). 

By further treatment of these a-monoglycerides with acid 
chlorides and quinoline or pyridine we have prepared the follow- 
ing mixed acid triglycerides: 

a-Lauryl-a’ ,8-Distearyl Glycerol—M.p. = 48.5°, ap = 0.0° (in pyridine). 

a-Stearyl-a' ,8-Dipalmityl Glycerol—M.p. = 62.5°, ap = 0.0° (in chloro- 
form or pyridine). 

a-Palmityl-a’' ,B-Dilauryl Glycerol—M.p. = 44°, ap = 0.0° (in pyridine). 

a-(p-Nitrobenzoyl)-a’ ,8-Dibenzoyl Glycerol—M.p. = 87-88°, [a]lp = 
—19.9° (in C,H,Cl,).? 





’ See the preliminary note ((1) p. 588) in which by a typographical error 
the melting point has been recorded 10° too low. 
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In order to eliminate the possibility that our original materials— 
the active a-monoglycerides—had become racemized by the 
migration of the acyl group under the influence of the tertiary 
base (pyridine) used in the above preparations, we have exposed 
them for some time to the action of pyridine. There was, how- 
ever, no change in rotation observable and the glycerides, when 
recovered from the solvent, were shown by titration by the 
method of Criegee to be pure a-monoglycerides. In spite of 
this, the triglycerides prepared from them so as to preserve their 
asymmetry show no rotation whatever in the solvents used and 
in sodium light. This we must accept as a property of tri- 
glycerides with fatty acid residues, because a-(p-nitrobenzoyl)- 
a’ ,B-dibenzoyl glycerol prepared by the same method from 
d(+)-acetone glycerol possesses the considerable rotation of 
[a],= —19.9°, probably because this triglyceride absorbs in the 
range of visible light by virtue of its aromatic substituents. 

An optical classification similar to that which we have sug- 
gested for the a-monoglycerides seems to be impossible for the 
triglycerides. 

The lack of observable rotation in our synthetic unsymmetrical 
triglycerides with at least two different fatty acids leads to the 
suspicion that the natural triglycerides of the same type may 
show no rotation in sodium light. Therefore the natural tri- 
glycerides, though they do not show a rotation, are not neces- 
sarily racemic, but might easily occur in either of the two enantio- 
morphic forms (cf. Suzuki (14)). 

Since, in contrast to the triglycerides, the a-monoglycerides 
show a large rotation, it is possible that the slight and gradually 
disappearing rotation sometimes observed in freshly isolated 
natural fats and oils (7) is due to the presence of a-monoglycerides. 
We have recently observed that our synthetic a-monoglycerides, 
even when crystallized, showed a fall of rotation to one-half or 
one-third of the original values after standing at room tempera- 
ture fora year. In contrast to these glycerides containing natural 
fatty acids the a-(p-nitrobenzoyl) glycerol and the a-(p-nitro- 
benzoyl)-a’, 6-dibenzoyl glycerol retained their high optical 
activity during the same period, thus proving that no migration 


* We are at present investigating the rotation of these triglycerides in 
light of different wave-lengths. 
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of aromatic acyls had taken place. In agreement with our 
findings, Jackson and King (15) observed no acyl migration in 
glycerides containing aromatic acid radicals. We are now in- 
vestigating the migration of the acyls in a-monoglycerides under 
the influence of heat and alkali by comparing the rate of decrease 
of optical rotation with the results of the a-glycol titration of 
Criegee. 

A natural compound, the optical activity of which is unques- 
tionably due to the asymmetry of the glycerol part of the molecule, 
is a-glycerophosphoric acid. It has already been shown that 
only one of the enantiomorphic forms of this substance is bio- 
logically utilized (16). Its synthesis and the proof of its con- 
figuration are reported in Paper VI (2). 


EXPERIMENTAL 


(+)-a-Acetyl-a’, B-Acetone Glycerol (from d(+-)-Acetone Glycerol) 
* 
CH,—-CH—CH,—O0—CO—-CH, 
| 


O O 
wi 
C 
4 
HC CH, 


A cooled mixture of 2.64 gm. of d(+-)-acetone glycerol, 2.0 cc. 
of pyridine, and 2.0 ec. of acetic anhydride was set aside at room 
temperature for 16 hours. By two fractional distillations 2.9 
gm. (83.3 per cent of the theoretical) of analytically pure (+)-a- 
acetyl-a’, 8-acetone glycerol were secured. B.p. (10 to 11mm.) = 
85-86°, di° = 1.0737, n% = 1.4280. The corresponding data 
for the racemic product prepared by Fischer and Pfihler (17) 
are b.p. (10 to 11 mm.) = 85-86°, di® = 1.0770, and n\? = 1.4288. 


CsH,,0, (174). Calculated. C 55.1, H 8.1, acetone 33.3, saponification 
No. 322.4 
Found. C 54.94, H 8.0, acetone 34.0, saponification 
No. 330.8 
Optical Rotation—(1) Homogeneous substance in a 1 dm. tube, d? = 
1.0737, ap = +3.48°, [a]> = +3.24°; (2) in benzene,’ 0.1981 gm. substance 
in 2 cc., c = 9.905, 1 dm. tube, ap = at the most —0.01°, probably 0.00°. 





* The rotation of the other acetonated a-monoglycerides is also zero in 
benzene. 








i 
; 
1 
j 
i! 
- 


wrt mote = " . 


ae ame 


ee ee 


se 


482 Acetone-Glyceraldehyde. V 


(+)-a-Stearyl-a’, B-Acetone Glycerol (from d(+)-Acetone Glycerol) 


<a 
CH,—-CH—CH,—_O—CO - Cu Hs 
| 


os 
ae 
C 
os 
H.C CH, 


To a mixture of 2.6 gm. of d(+)-acetone glycerol and 2.7 gm. 
of absolutely dry quinoline, 6.06 gm. of stearyl chloride were 
added with constant cooling, and the preparation, which soon 
solidified, was kneaded thoroughly for several minutes. After 
2 days 50 cc. of ether and 50 cc. of 0.5 N sulfuric acid were added, 
and the ether layer was washed twice with 30 cc. of ice-cold 0.5 n 
sulfuric acid, twice with 10 cc. of saturated potassium bicarbonate 
solution, and then with distilled water. The ether solution, 
dried with sodium sulfate and concentrated, yielded 7.15 gm. (91 
per cent of the theoretical) of (+)-a-stearyl-a’, B-acetone glycerol 
(m.p. 37-38°) which recrystallized once from 150 cc. of boiling 
96 per cent alcohol, gave 3.5 gm. of analytically pure glyceride 
in fine long needles, m.p. 43-43.5° (sinters above 41°). By 
cooling the mother liquor to 0°, another 2.05 gm. of glyceride 
were precipitated; this, when recrystallized from 50 cc. of 96 per 
cent alcohol, also melted at 43°. Total yield of analytically 
pure substance, 4.6 gm. (58.6 per cent of the theoretical). 


CuHeO, (398.37). Calculated. C 72.3, H 11.6, acetone 14.56, saponifica- 
tion No. 140.5 
Found. C 71.8, H 11.4, acetone 15.8, saponifica- 
tion No. 143.2 
Optical Rotation—(1) In benzene, 182.9 mg. in 2 cc., c = 9.14, 1 dm. 
tube, ap = 0.0°; (2) in pyridine, 178.4 mg. in 2.02 ec. of absolute pyridine, 
c = 8.83, 1 dm. tube, ap = +0.17°, [a], = +1.9°; (3) in melted substance, 
1 dm. tube, ap = between +3.0° and +3.5°. 


l(—)-a-Monostearyl Glycerol 
* 
CyHys-CO-0-CH,—CH(OH)—CH;-OH 


To an ice-cooled solution of 3.3 gm. of (+)-a-stearyl-a’, B- 
acetone glycerol, in 17 cc. of ether, 17 ec. of concentrated HCl 
were added in small portions as rapidly as possible, a rise of 
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temperature above 25° being avoided. Soon the solution sepa- 
rated into two layers and the monostearin began to appear. 
After 30 minutes 70 cc. of water were added, and the preparation 
was allowed to stand another half hour in the freezing mixture. 
Then the floating precipitate was sucked off, thoroughly washed 
with water, and dried over phosphorus pentoxide. Yield, 2.8 
gm. (94 per cent of the theoretical). When the material was 
recrystallized twice from ether, the melting point was raised from 
74-75° to 76-77° (sinters above 73°) where it remained constant 
after further recrystallization. 

For analysis the substance which had been recrystallized twice 
was dried over phosphorus pentoxide in a high vacuum. 


CxaHwO,. Calculated. C 70.3, H 11.8, saponification No. 156.5 
358.3 Found. oe, ae - * 160.5 
Optical Rotation—In pyridine, 246.2 mg. in 2 ce., c = 12.31, 1 dm. tube, 
@p = —0.44°, [a]p = —3.58°. 


Titration of Adjacent Hydroxyl Groups—123.8 mg. of the sub- 
stance were dissolved in 15 ce. of glacial acetic acid, and 15 ce. 
of glacial acetic acid containing 342.7 mg. of lead tetraacetate 
were added. After 24 hours, 148 mg. were used up; 7.e., 97.0 
per cent of the theoretical amount. From the amount of lead 
tetraacetate used was subtracted the amount which disappeared 
in the same period in the corresponding control blank. This 
same deduction was made in all the succeeding cases of titration 
with lead tetraacetate. 


a-Stearyl-a’, B-Dipalmityl Glycerol 


* 
CywHy-CO-0-CH2—CH(0-CO-CsH3:)—CH2-0-CO-CywH sy 


To a solution of 0.75 gm. of I(—)-a-stearyl glycerol in 6 cc. of 
dry chloroform were added 1.15 gm. of palmityl chloride and 
0.65 gm. of quinoline dissolved in 1.5 ec. of chloroform, and the 
preparation was kept at 40° for 24 hours. The oily precipitate 
formed after some time was brought again into solution by the 
addition of more chloroform. After dilution with 80 cc. of ether 
the solution was washed successively with sulfuric acid, potas- 
sium carbonate solution, and water, dried with sodium sulfate, 
and concentrated. Yield, 1.65 gm. (94.4 per cent of the theo- 
retical) of almost pure triglyceride. The melting point of the 
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crude product, 61-62°, could not be raised above 62.5° in spite 
of repeated recrystallization. The substance dissolves easily 
in chloroform and pyridine. 

For analysis the substance which had been recrystallized 
several times was dried at room temperature over P,Os in a high 
vacuum. 

CosHio2O¢ (834.8). Calculated. C 76.2, H 12.3 
Found. ** 76.0, “ 12.3 

Optical Rotation—(1) In chloroform, 164.6 mg. in 2 ec. of absolute 
chloroform, c = 8.23, 1 dm. tube, ap = +0.0°; (2) in pyridine, 92.4 mg. in 
2 cc., c = 4.62, 1 dm. tube, ap = +0.0°. 


(+)-a-Lauryl-a’, B-Acetone Glycerol (from d(+)-Acetone Glycerol) 


CH,— CH—CH,-0- CO-CruHs 
| 


O Oo 
NZ 
C 


fN 
HC = CH, 


The lauryl acetone glycerol was prepared in the same way as 
the corresponding stearyl compound already described. 1 gm. 
of d(+)-acetone glycerol, 3.2 gm. of quinoline, and 5.26 gm. of 
lauryl chloride, after treatment in the usual manner, two distil- 
lations in a high vacuum, and separation of a first fraction which 
crystallized in the receiver, yielded 6.0 gm. (81.1 per cent of the 
theoretical) of a clear colorless liquid. B.p. (0.002 mm.) = 
130-131° (bath 150-160°), n° = 1.4448. 


CisH yO, (314.27). Calculated. C 68.7, H 10.9, acetone 18.45, saponifica- 
tion No. 178.5 
Found. C 68.8, H 10.7, acetone 19.2, saponifica- 
tion No. 176.5 
Optical Rotation—(1) Homogeneous substance in a 1 dm. tube, 21°, ap 
= +3.42°; (2) in pyridine, 184.7 mg. in 2 cc. of absolute pyridine, c = 9.23, 
1 dm. tube, ap = +0.11°, [a]lp = +1.2°. 


l(—)-a-Monolauryl Glycerol 
* 
CyHs-CO-0-CH:—CH (OH)—CH,OH 


3.45 gm. of (+)-a-lauryl acetone glycerol were hydrolyzed by 
the procedure given for the [(—)-a-monostearyl glycerol, with 
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the one difference that the temperature never rose above 0°. 
Yield, 2.87 gm. (95 per cent of the theoretical) of fairly pure 
(—)-a-lauryl glycerol. The melting point of 51-52° (sinters 
above 49°) was raised to 53-54° by two recrystallizations from 
petroleum ether (b.p. = 40-60°) and then remained constant on 
further recrystallization. 

For analysis the substance was dried over phosphorus pent- 
oxide in a high vacuum at room temperature. 


CisHwO,. Calculated. C 65.6, H 11.0, saponification No. 204 
274.24 Found. ** 65.95, “ 11.12, as ** 209.5 
Optical Rotation —In pyridine, 197.1 mg. of absolutely dry pyridine made 
up to 2 cc., c = 9.85, 1 dm. tube, ap = —0.36°, [a]p = —3.7°. 


Titration of 1,2-Glycol with Lead Tetraacetate—To a solution 
of 113.4 mg. of a-lauryl glycerol in 10 cc. of glacial acetic acid, 
10 cc. of a glacial acetic acid solution containing 274.3 mg. of 
lead tetraacetate were added. After 48 hours the excess lead 
tetraacetate was determined by back titration. Calculated, 
lead tetraacetate used up, 183.2 mg.; found, lead tetraacetate 
used up, 167.7 mg. (91.5 per cent of the theoretical). 


a-Lauryl-a', 8-Distearyl Glycerol 
* 
Cy,Hey-COOCH,—CH (0 -CO-CyHys)—C Hz -0-CO- CH, 


To a solution of 1.22 gm. of l(—)-a-lauryl glycerol in 1.5 ce. 
of dry chloroform, a solution of 2.69 gm. of stearyl chloride and 
1.2 cc. of quinoline in 3.00 cc. of chloroform was added while 
cooled with ice. The mixture, which soon solidified by the pre- 
cipitation of quinoline hydrochloride, was set aside for 2 days at 
room temperature. After the addition of 30 cc. of 0.5 N sulfuric 
acid and 120 ce. of ether with vigorous shaking, the ether layer 
was taken off and washed successively with dilute sulfuric acid, 
potassium carbonate solution, and water. The ether solution, 
dried with sodium sulfate, concentrated to 30 cc., and cooled to 
—10°, yielded 3.0 gm. (83 per cent of the theoretical) of triglyc- 
eride. M.p. = 45-46° (crude material). After three recrystal- 
lizations from alcohol-ether (1:1) the melting point rose to 48.5°. 


Cs,HgsO¢ (806.78). Calculated. C 75.86, H 12.24 
Found. “ma ~ Ba 
Optical Rotation—In pyridine, 199 mg. in 2 ec., c = 9.95, 1 dm. tube, 
a = 0.0°. 
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(+)-a-Palmityl-a’, B-Acetone Glycerol 


* 
CH,—CH—CH,—O—CO—C Hu 
| | 
O 0 
C 


fon 
H.C CH, 


his palmityl compound was prepared in the same way as the 
corresponding stearyl compound already described. From 2.6 
gm. of d(+)-acetone glycerol, 2.7 gm. of quinoline, and 5.48 gm. 
of palmityl chloride, 6.52 gm. (89 per cent of the theoretical) of 
a-palmityl-a’,8-acetone glycerol were obtained with a melting 
point of 31-34° with sintering above 26°. After the crude product 
(6.5 gm.) was dissolved in 25 ce. of boiling 96 per cent ethyl] alco- 
hol and cooled slowly to room temperature, 3.5 gm. of analyti- 
cally pure a-palmityl acetone glycerol were recovered in long 
crystals with a melting point of 33-35°. 
For analysis the substance was dried over P,Q, in a high vacuum 
at room temperature. 


CyHwO, (370.34). Calculated. C 71.3, H 11.4, acetone 15.7, saponifica- 
tion No. 151.2 
Found. C 71.6, H 11.2, acetone 15.8, saponifica- 
tion No. 145.5 
Optical Rotation—(1) In benzene, 281.5 mg. in 2 ce., 1 dm. tube, ap = 
0.0°; (2) in pyridine, 185.6 mg. in 2 cc., c = 9.28, 1 dm. tube, ap = +0.23°, 
[a]p = +2.5°; (3) in melted substance, temperature 50-52°, 1 dm. tube, 
ap = +4.38°. 


l(—)-a-Palmityl Glycerol 
* 
CisH-CO-O-CH,—CH (OH)—CH,(OH) 


2.45 gm. of (+)-a-palmityl-a’,8-acetone glycerol were hy- 
drolyzed by the preceding process. Yield, 2.1 gm. (96 per cent 
of the theoretical) of crude product. The melting point of the 
substance was raised, by twice recrystallizing from boiling ether, 
from 69-70° to 71-72°, and remained there on further recrys- 


tallization. 
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For analysis the recrystallized substance was dried over phos- 
phorus pentoxide in a high vacuum. 


CisHys0,. Calculated. C 69.0, H 11.6, saponification No. 169.4 
330.3 Found. ee ae - * 181.4 
Optical Rotation—In pyridine, 155.8 mg. in 2 ec., c = 7.79, 1 dm. tube, 
a@p = —0.34°, [a]p = —4.37°. 


Titration of Adjacent Hydroxyl Groups—-To 95.9 mg. of sub- 
stance dissolved in 15 cc. of glacial acetic acid, was added a solu- 
tion of 345.3 mg. of lead tetraacetate in 15 cc. of glacial acetic 
acid. After 22 hours, in comparison with the calculated 128.6 
mg. of lead tetraacetate, 124.4 (96.7 per cent) had been used up. 


a-Palmityl-a’ ,8-Dilauryl Glycerol 


* 
CysHy,COOCH,—CH (OCO.- CyHs3)—CH2-OCO- Cy Hy 


0.55 gm. of (— )-a-palmityl glycerol was dissolved with moderate 
heating in 2 cc. of absolute chloroform. To the solution were 
added 0.6 gm. of absolute pyridine and then gradually with cool- 
ing 0.72 gm. of lauryl chloride. After 24 hours at 40° the prepa- 
ration was treated in the usual manner. 1.0 gm. (86.5 per cent 
of the theoretical) of triglyceride was obtained with a melting 
point of 42-43°. The melting point could be raised only to 44° 
by recrystallization from absolute alcohol. The triglyceride 
crystallizes in small, centrally grouped needles. 


CyuHgO¢, (694.6). Calculated. C 74.3, H 11.9 
Found. “75. ~ 238 
Optical Rotation—In pyridine, 104.0 mg. in 2 ce., c = 5.20, 1 dm. tube, 
@p = +0.0°. 


Migration of Acyl Radical in a-Monoglycerides under Influence 
of Pyridine 


For assurance regarding the position of the fatty acid residues 
in synthetic mixed acid triglycerides it was necessary to ascertain 
whether, under the usual acylation conditions, pyridine causes a 
significant migration of the acyl group of a monoglyceride from 
the a to the 8 position. By observing the rotation of the a- 
monoglycerides in pyridine, and titrating the a-monoglycerides 
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with lead tetraacetate after recovery from pyridine, it was un- 
equivocally shown that no migration takes place. 


@p in pyridine | ap in pyridine 
immediately after 72 hrs. 


after solution at 18-20° 

degrees degrees 

l(—)-a-Monolauryl glycerol......... —0.36 —0.38 
l(—)-a-Monopalmityl “ ........... —0.34 —0.34 
l(—)-a-Monostearyl “ ‘Bere —0.44 —0.48 


Titration, by the method of Criegee, of monoglycerides isolated 
from pyridine after 72 hours in solution gave the following results. 
127.1 mg. of (—)-a-monolauryl glycerol used up 195 mg. of 
PbAc, (95 per cent of the calculated 205.3 mg.); 95.9 mg. of 
(—)-a-monopalmityl glycerol used up 124.4 mg. of PbAc, (97.9 
per cent of the calculated 127 mg.); 123.8 mg. of (—)-a-mono- 
stearyl glycerol used up 148.0 mg. of PbAc, (96.7 per cent of the 
calculated 153.0 mg.). 


SUMMARY 


1. Starting from the d(+-)-acetone glycerol described in Paper 
IV we have prepared optically active a-monoglycerides. 

2. The a-monoglycerides have been sterically related to the 
active glyceraldehydes. 

3. The crystallized a-monoglycerides with fatty acid residues 
lose a considerable part of their activity over a period of 1 year 
even when kept under normal conditions. .Aromatic a-mono- 
glycerides are much more stable; an analogous migration of the 
acyls does not occur for instance in the case of 1(—)-a-p-nitro- 
benzoyl glycerol. 

4. Synthetic triglycerides containing different fatty acids showed 
no observable optical activity, but they are believed to be latently 
optically active, since a mixed triglyceride with aromatic acid 
residues showed a definite rotation. 
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In Paper V (2) it was demonstrated by the synthesis of optically 
active a-monoglycerides that asymmetrical a-monoglycerides 
of both plant and animal origin should also show activity when 
present only in one of the enantiomorphic forms. A causal 
relationship between optical activity and the asymmetry of the 
glycerol molecule in naturally occurring glycerides has not yet 
been established with complete validity... The chief reason for 
this appears to be the difficulty of isolating pure substances from 
natural fats, which consist of nearly inseparable mixtures of 
many glycerides, without altering the original constitution and 
configuration in the process. Suzuki and Inoue have found that 
freshly extracted natural fats are optically active and show a 
declining rotation ((2) p. 480). Unequivocal proof that this 
activity results from the asymmetry of the glycerol molecule in 
natural glycerides has not yet been obtained. 

In the case of a-glycerophosphoric acid, which has long been 
known as a component of the lecithins and cephalins and may in 
a sense be looked on as a monoglyceride, the situation is much 
more favorable. Because of its great stability it has been pos- 
sible for several workers* to separate it from various phosphatides 
and free it from its accompanying 8 isomer ((5) pp. 5, 10, 11 (6)). 

* An extract of this paper was given before the Sixteenth International 
Physiological Congress at Zurich, on August 16, 1938, and a preliminary 
note published (1). 

' See for instance the article of Griin (3). 

? Thierfelder and Klenk give a comprehensive résumé of the chemistry 
of the glycerophosphoric acids in their book (4). 
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By preparing the comparatively highly active dimethyl ether 
dimethyl] ester of a-glycerophosphoric acid from its barium salt, 
which shows no perceptible rotation, Karrer and Salomon ((5) pp. 
10, 11) were able to show conclusively that the a-glycerophosphoric 
acid in the phosphatides examined by them is optically active 
and present in only one enantiomorphic form. Meyerhof and 
Kiessling (7) later established its identity with the glycero- 
phosphoric acid which forms an intermediate stage in alcoholic 
fermentation and glycolysis, and observed (8) that the biological 
l(—)-a-glycerophosphoric acid is completely utilized by the 
enzyme of muscle press-juice, while its antipode remains entirely 
unaltered. 

The preparation of the enantiomorphic forms of a-glycero- 
phosphoric acid was undertaken by Abderhalden and Eichwald 
(9) and by Karrer and Benz (10). However, the steric relation- 
ship between the a-glycerophosphoric acids and compounds of 
known configuration (active glyceraldehydes for example) could 
not be deduced from any information as yet available. The 
preparation of the two active a-glycerophosphoric acids was 
therefore undertaken for the purpose of relating their configura- 
tion in the sense of Wohl and Freudenberg to that of the active 
glyceraldehydes. We describe first of all the synthesis of l(—)- 
a-glycerophosphoric acid. 


le le 
H—C—O. CB, H—C—O. AH, 
| C > | C os 
H.cC—o” cH, H.c—o” cH, 
I II 
H,C—OPO,Ba 
q H:;C—OPO,Ba 
H—C— CH; le 
gt « H—C—OH 
C omen 4 | 
H.C—o” cH, H,C—OH 
III IV 


In this operation we have used the same sequence of reactions 
as that employed by Fischer and Pfihler (11) in the synthesis 
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of racemic a-glycerophosphoric acid. d(+)-Acetone glycerol 
(II) was phosphorylated with the help of phosphorus oxychloride 
and quinoline, the acetone-protective group was removed by acid 
hydrolysis, and the a-glycerophosphoric acid isolated as the 
barium salt (IV). 

By this procedure the point of entrance of the phosphoric acid 
is determined beforehand and remains unchanged after the re- 
moval of the acetone. The conditions of the synthesis are such 
that a migration of the acyl group which would mean either race- 
mization or a change in configuration is impossible. This can 
be checked by titration by the method of Malaprade (12). The 
relationship of the configuration of the a-glycerophosphoric acid 
obtained to that of the d(+)-acetone glycerol, that of the acetone 
d-glyceraldehyde (1), and hence to that of the d-glyceraldehyde 
itself, is easily followed. This relationship, on the basis of the 
argument used in Paper V of this series for the deduction of the 
configuration of the a-monoglycerides ((2) p. 479), indicates that 
the a-glycerophosphoric acid synthesize@ from d(+)-acetone 
glycerol is to be classed in the / series. Its correct designation 
is therefore /(—)-a-glycerophosphoric acid. 

The identity of our synthetic acid with the “biological a- 
glycerophosphoric acid’’ from glycolysis, alcoholic fermentation, 
and from phosphatides was established by observing the rota- 
tion of the dimethyl ether dimethyl ester. 

Dimethyl Ether of Methyl a-Glycerophosphate—(a) Synthetic, 
[a], = —4.78°; (b) from phosphatides, [a], = —3.2° ((5) p. 12); 
(c) from glycolysis and fermentation, [a]?” = —4.46° (7). 

In agreement with the work of Karrer and Salomon the barium 
salt of the synthetic /(—)-a-glycerophosphoric acid showed no 
perceptible rotation. The weak rotations given in the literature 
for the barium salt of a-glycerophosphoric acid from phosphatides 
are therefore to be ascribed to the presence of optically active 
impurities ((5) p. 9). Further, the silver salt of the synthetic 
acid shows a specific rotation of only [a], = +1.0° (in ammonia- 
cal solution). Kiessling and Schuster (13) found [a], = +0.8° 
(saturated aqueous solution) for the silver salt of the natural 
a-glycerophosphoric acid from fermentation. The diethyl ester 
of the diethyl ether, [a]? = —5.73°, may in future investigations 
prove to be a valuable preparation for comparison. 
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Now that synthesis has fixed the steric relationship of the 
a-glycerophosphoric acids to the glyceraldehydes, we may proceed 
to draw certain biological conclusions: In the fermentation 
scheme of Embden, as developed by Meyerhof and his collabo- 
rators, the dismutation of triosephosphoric acids plays an im- 
portant part. Since a-glycerophosphoric acid is the product of 
simple reduction of triosephosphoric acids, it follows from our 
purely chemical evidence that the natural 1(—)-a-glycerophos- 
phoric acid does not arise biologically from the natural d-glycer- 
aldehyde-3-phosphoric acid, because the latter belongs to another 
steric series, but that it must have been formed by asymmetrical 
fermentative reduction from dihydroxyacetone phosphoric acid. 

Our work on the configuration of I(—)-a-glycerophosphoric 
acid, which we described to Professor O. Meyerhof in a personal 
communication before any of these results were published ((1) 
p. 589), stimulated his collaborators, Dr. W. Kiessling and Dr. 
P. Schuster, to ascertain whether the biological a-glycerophos- 
phoric acid isolated frag yeast, would, on oxidation by bromine, 
yield the natural levorotatory glyceric acid-3-phosphoric acid 
or its antipode. As we expected, they (13) obtained from the 
biological 1(—)-a-glycerophosphoric acid the unbiological, dextro- 
rotatory glyceric acid-3-phosphoric acid which belongs to the / 
series. This is further evidence that the two dismutation products 
of triosephosphoric acids, a-glycerophosphoric acid and glyceric 
acid-3-phosphoric acid, belong to two different steric series. 


H,C—OPO;H; H,C——-OPO;H; 
H.C—OPO,H, | Q 
C=O + H; — H—C—OH 
| H,C—-OH H,C—-OH 
HO—C—H Dihydroxyacetone l(—)-a-Glycero- 
-- phosphoric acid phosphoric acid 
priv iba | H—C=o COOH 
| le le 
H- | OH | H~C_on +O —— H—C—OH 
H,C—OPO,H: | H,C—OPO.H, H,C—OPO,H, 
Hexosediphosphate | d-Glyceraldehyde- d(—)-Glyceric 
| 3-phosphoriec acid acid-3-phos- 


phoric acid 
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Thus the natural glyceric acid-3-phosphoric acid must belong to 
the d series and accordingly can arise by oxidation only from d- 
glyceraldehyde-3-phosphoric acid. Summing up these results, 
we obtain the accompanying scheme for the dismutation of 
triosephosphoric acids, which we have already presented in our 
preliminary paper ((1) p. 589). 

In the light of this new steric relationship the well known 
Embden-Meyerhof reaction of pyruvic acid and a-glycerophos- 
phoric acid which has hitherto been assumed to yield lactic acid 
and d-glyceraldehyde-3-phosphorie acid, must now be written 
thus: 


COOH H,C-OH COOH H,C-OH 
| | | 

C—OH + HO—C—H + H—C-—OH + C=O 

| | | 

CH; H,C—OPO,H; CH, H,C—OPO,H; 


The fact that /-glyceraldehyde phosphoric acid is not utilized 
biologically (as we know from experience with dl-glyceraldehyde- 
3-phosphoric acid) compels the conclusion that dihydroxyacetone 
phosphoric acid must be formed in this reaction. 

By the same series of reactions as for the natural l(—)-a- 
glycerophosphoric acid, but starting from /(—)-acetone glycerol, 
which we obtained from /-mannitol, it is easy to prepare the 
d(+)-a-glycerophosphoric acid which has not yet been found in 
nature. Both acids are ideal starting materials for the synthesis 
of phosphatide acids and phosphatides of which the configuration 
is known with regard to the 8-carbon atom of the glycerol residue. 
Since only the /(—)-a-glycerophosphoric acid has so far been 
found in natural substances, we believe that most of the a-phos- 
phatides which have as yet been investigated are derived from 
this acid, rather than from its antipode. 

We consider it probable that an important rdéle is played by 
l(—)-a-glycerophosphoric acid in the transformation of carbo- 
hydrate into fat in the bodies of higher animals. It seems to be 
the substance which, formed from phosphorylated sugars, in 
fermentation and glycolysis, would supply the asymmetry for 
the synthesis of optically active a-phosphatides and fats in 
nature. 
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EXPERIMENTAL 


(1) Barium Salt of Acetone Compound of l( — )-a-Glycerophosphoric 
Acid (from d(+)-Acetone Glycerol) 


Che CCH PO;Ba 


O O 
Ny ’ 
P cites,” 
H;C CH; 

The preparation was carried out according to the method of 
Fischer and Pfahler (11) for the corresponding optically inactive 
substance. From 3.0 gm. of d(+)-acetone glycerol 3.9 gm. of 
barium salt were obtained. Analysis of the substance, dried in 
air to constant weight, was as follows: 


C.H,,OcPBa + 3H,0. Calculated. C 17.9, H 4.2, P 7.7, acetone 14.4 
401.5 Found. ** 18.2, “* 4.3, *** 7.76, “4 14.4 
Optical Rotation—0.5928 gm. of barium salt in 20 cc. of water, c = 2.96’ 
2 dm. tube, ap = +0.0°. : 
(II) Silver Salt of Acetone Compound of l( —)-a- 
Glycerophosphoric Acid 
0.4 gm. of the above preparation (I) was dissolved in 15 ec. 
of water. A concentrated solution of 0.35 gm. of silver nitrate 
was added in the dark. After some time the silver salt was 
sucked off, washed with a few drops of alcohol and ether, and 
dried in a high vacuum at room temperature over P,Os. Yield, 
0.26 gm. (68.5 per cent of the theoretical). The salt was slightly 
reddish in color. 
CeHi,OcPAge (425.9). Calculated, Ag 50.7; found, Ag 50.96 
Optical Rotation—229.0 mg. in 2 cc. of pyridine + water (3:1), solution 
decolorized with animal charcoal, 1 dm. tube, ap = +0.29° (read after 20 
hours), [a]p = +2.5°. 
(III) Barium l(—)-a-Glycerophosphate (from 
d(+)-Acetone Glycerol) 


. 
CH,—CH—CH,—0: PO;Ba 
| | 
OH OH 
* Alkalimetric determination of phosphoric acid according to Neu- 


mann (14). 
* Determined according to Messinger (15). 
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The preparation of this substance was carried out according 
to the method of Fischer and Pfiahler (11). To a solution of 
1.3 gm. of the barium salt of acetone a-glycerophosphoric acid 
(I) in 35 ec. of water, 9.1 cc. of 1 N sulfuric acid were added, and 
the mixture heated for 20 minutes in a boiling water bath. After 
cooling, 1.9 gm. of barium hydroxide were added, and the excess 
was removed with carbon dioxide. The filtrate was evaporated 
to dryness in the vacuum of a water pump at a bath temperature 
of 30-35°, dissolved in a little water, filtered, and brought to the 
boiling point. The precipitated barium salt was sucked off and 
dried for 30 minutes in a high vacuum over boiling xylene. Yield, 
0.65 gm. (65 per cent of the theoretical). 


C;H,O.PBa (307.48). Calculated. C 11.7, H 2.3, P 10.08 (14) 
Found. " Se). a 
Optical Rotation of Free Acid—206.9 mg. of barium salt in 2 cc. of 2N HCl, 
1 dm. tube, ap = —0.15°, [a]p = —1.45°. 


Simplified Preparation of Barium I(—)-a-Glycerophosphate 
(IJJ)—In the preparation of (III) it was found unnecessary to 
isolate the barium salt of acetone l(—)-a-glycerophosphoric acid 
(I) in order to split off the acetone residue by hydrolysis. 

A mixture of 4.1 gm. of d(+-)-acetone glycerol and 12 cc. of 
pure quinoline was dropped during 20 minutes with continuous 
shaking into a solution of 4.75 gm. of phosphorus oxychloride in 
15 ce. of quinoline cooled in a freezing mixture. The whole was 
kept in the freezing mixture for 1 hour, and for 2 hours at room 
temperature. The pasty solution was then poured into 350 ce. 
of ice water to which 15 gm. of concentrated sulfuric acid and 14 
gm. of silver carbonate had been added, and was vigorously stirred 
for 30 minutes. The clear solution was filtered through animal 
charcoal, and the silver removed with hydrogen sulfide. The 
strongly acid filtrate was heated for 15 minutes in a boiling water 
bath. It was then cooled to 0° and 45 to 50 gm. of finely powdered 
barium hydroxide were gradually added until phenolphthalein 
paper turned distinctly red. The excess barium hydroxide was 
removed with carbon dioxide, and the filtrate concentrated to 
about 30 cc. in the vacuum of a water pump at a bath tempera- 
ture of 35-40°. The solution was filtered and heated in a boiling 


* The concentrated solution should not be kept overnight because of 
the danger of precipitation. 
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water bath for 20 to 25 minutes. The barium salt, precipitated 
at the boiling point, was sucked off while still hot, and dried over 
phosphorus pentoxide in a high vacuum. Yield, 3.5 gm. (36.7 
per cent of the theoretical). 


C;H,O.PBa (307.5). Calculated, C 11.7, H 2.3; found, C 11.7, H 2.5 
Diethyl Ether of Ethyl l( —)-a-Glycerophosphate 
CHy—CH- CH,0-PO(OC2Hs)2 

b 0 


ety 
C:Hs CHs 


Silver l( — )-a-Glycerophosphate’—A solution of 3.1 gm. of barium 
salt of acetone 1(—)-a-glycerophosphoric acid (3H,O) in 75 ec. 
of water was treated with 21 cc. of 1 N sulfuric acid, and heated 
for 15 minutes in a boiling water bath. After cooling to room 
temperature, 4.2 gm. of crystalline barium hydroxide were added; 
the excess was removed with carbon dioxide, and the filtrate 
evaporated to dryness in a vacuum at 30-40°. The residue was 
dissolved in 25 cc. of distilled water and treated in the dark with 
a saturated aqueous solution of 3.1 gm. of silver nitrate. The 
crystalline colorless precipitate of the silver salt was sucked off 
likewise in the dark, washed with alcohol and ether, and dried 
in a high vacuum. Yield, 2.24 gm. (75.2 per cent of the theo- 
retical). 


C3H,O¢PAgs (385.8). Calculated, Ag 56.3; found, Ag 56.2 


Optical Rotation in Dilute Ammoniacal Solution—233.4 mg. of 
silver salt were suspended in water and just sufficient concentrated 
ammonia added drop by drop until the solution was almost 
completely clear. The mixture was made up to 2 cc. and cen- 
trifuged. c = 11.62, 1 dm. tube, a, = +0.12°, [a], = +1.0° 
(+0.15°). 


* Prepared according to the directions of Fischer and Pfahler for the 
corresponding inactive substance (11). The difficultly soluble barium 
a-glycerophosphate, which is best prepared according to the simplified 
method (see above), can also be employed. This salt is dissolved in just 
sufficient water, and the solution concentrated in vacuo at 30-35° and 
allowed to react with the corresponding amount of silver nitrate solution. 
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Ethylation—To 2.6 gm. of silver salt’ were added 4 cc. (7.7 
gm.) of ethyl iodide in several portions, a reflux condenser with 
a ground glass joint being used. After the reaction had subsided 
somewhat a further 8 cc. of ethyl iodide and 5 gm. of silver oxide 
were added and the whole refluxed for 4 hours on a water bath. 
After the mixture had cooled down it was diluted with absolute 
ether, filtered, and the residue extracted several times with ether. 
The united ether extracts were dried with sodium sulfate in the 
presence of a small quantity of silver oxide, and the solvent with 
the ethyl iodide distilled off through a fractionating column. 
The residue was twice distilled in a high vacuum. In the second 
distillation 1.42 gm. (74 per cent of the theoretical) of a clear, 
colorless, mobile liquid came off. B.p. (0.13 mm.) = 100-100.5° 
(bath temperature = 110-115°), b.p. (0.03 mm.) = 92-93° (bath 
temperature 100-105°), ni® = 1.4260. 


Cy HesO¢P (284.2). Calculated. C 46.4, H 8.8, P 11.00 

Found. ** 45.4, ** 8.7, ** 10.92 
Optical Rotation—(1) Homogeneous substance in a 1 dm. tube, d? = 
1.0778, a’) = —5.72°, [a]S = —5.31°; (2) (a) in absolute ethyl alcohol (dis- 
tilled over sodium), 312.2 mg. in 2 cc., c = 15.61, 1 dm. tube, ap = —0.90°, 
[a]'3 = —5.76°; (b) 307.5 mg. in 2 ce., c = 15.38, 1 dm. tube, ap = —0.87°, 
[a]p = —5.66°; (3) in 92 per cent ethyl alcohol, 289.2 mg. in 2 cc., ¢ = 
14.46, 1 dm. tube, ap = —0.61°, [a]p = —4.22°. A second preparation gave 
the following value in absolute ethyl alcohol: 331.7 mg. in 2 cc., c = 16.58, 

1 dm. tube, ap = —0.95°, [a]p = —5.73°. 


The optical rotation of the diethyl ether of diethyl l(—)-a- 
glycerophosphate is strongly dependent on the water content of 
the alcohol used as solvent. 


Dimethyl Ether of Methyl \( —)-a-Glycerophosphate 


1.3 gm. of the silver salt® of 1(—)-a-glycerophosphoric acid 
yielded 0.75 gm. (97 per cent of the theoretical) of the dimethyl 
ether dimethyl ester, prepared according to the prescription of 
Karrer and Salomon (5). B. p. (0.13 mm.) = 87-88° (bath 
110°), b. p. (0.04 mm.) = 80-81° (bath 100-104°). 


C;H,;O¢P (228.16). Calculated, C 36.8, H 7.5; found, C 36.8, H 7.4 
Optical Rotation—In absolute ethyl alcohol (distilled over sodium), 
0.2930 gm. in 2 cc., c = 14.65, 1 dm. tube, ag = —0.70°, [a]p = —4.78°. 


7 Prepared from the barium a-glycerophosphate obtained according to 
the simplified procedure. 
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For the same product Meyerhof and Kiessling (7) found [a], = 
— 4.46° (C,H,OH absolute). 


SUMMARY 


1. With d(+)-acetone glycerol as starting material, the l(—)- 
a-glycerophosphoric acid has been prepared, which according to 
Meyerhof and Kiessling is biologically utilized to the extent of 
100 per cent. 

2. Its steric relationship to the series of the l-glyceraldehyde 
has been proved, and several biological conclusions have been 
drawn. The biologically unutilizable d(+)-a-glycerophosphoric 
acid must be related to the d-glyceraldehyde. 
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TO HEMOGLOBIN SYNTHESIS* 


By G. O. KOHLER, C. A. ELVEHJEM, anv E. B. HART 


(From the Department of Biochemistry, College of Agriculture, University 
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During the past several years the authors have been interested 
in the nutritive properties of green plant tissues. Experiments 
carried out during this period have resulted in the discovery of 
a previously unknown water-soluble growth factor, tentatively 
named the “grass juice factor’ (1). Parallel with these studies, 
we have attempted to determine the possible nutritional signifi- 
cance of the fat-soluble plant pigment chlorophyll. 

The close structural relationship between chlorophyll and the 
prosthetic group of hemoglobin suggested to Biirgi and von 
Traczewski (2-4) that the former pigment might be effective in 
the cure of anemia. Although a great deal of research has been 
carried out in attempts to prove or disprove this hypothesis, 
clear cut results have not been forthcoming. Various workers 
have reported curative effects of chlorophyll or its derivatives in 
anemias of the following types, protein deficiency (5), hemorrhagic 
(6, 7), phenylhydrazine poisoning (3, 8), pernicious (9), hypo- 
chromic of unknown etiology (9-11), and “experimental nutri- 
tional anemia” of undefined character (12). Some of the reports 
are based on clinical studies, while others are the result of animal 
experimentation. Erythropoietic effects of chlorophyll in pre- 
sumably normal animals have also been reported (12, 13). Some 
of the workers cited have claimed that the chlorophyll was being 
converted into hemoglobin, while others believe that its beneficial 


* Published with the approval of the Director of the Wisconsin Agricul- 
tural Experiment Station. 

Supported in part by a grant from the Cerophy! Laboratories, Division 
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action was due to its stimulating effect on the hematopoietic 
centers. Chemical investigations on the biological degradation 
products of chlorophyll have indicated that conversion to the 
simpler porphyrin III series does not occur (14, 15). Similar 
claims of hematopoietic activity have been made for protopor- 
phyrin (16), hemoglobin (17), and bilirubin (18, 19). 

A possible explanation of the discrepancies lies in the fact that 
too little attention has been given to the limiting factor for hemo- 
globin building in the anemia in question. Thus in simple 
hemorrhagic anemia, hemoglobin responses can be obtained by 
the addition of pure iron, pure copper, or by the use of certain 
liver fractions, depending upon the previous nutritional history 
of the experimental animal. It is quite possible that chlorophyll 
might be effective under one set of conditions but not under 
another. In none of the previous work have the conditions been 
adequately controlled. Furthermore, no evidence was given in 
the papers cited above to indicate that the preparations used 
were free from iron and copper. 

It is obvious that hematin precursors could not be built into 
hemoglobin in the absence of iron, since iron is a part of the 
hemoglobin molecule. In the case of copper, however, it seemed 
possible that chlorophyll or other tetrapyrrole pigments might 
be of value, since one of the functions of copper seems to be 
associated with the synthesis of the tetrapyrrole nucleus. Thus 
in copper deficiency in plants, chlorophyll synthesis is decreased 
(20), in copper-deficient yeast and animals the cytochrome A 
content of the cells is reduced (21, 22), and in copper-deficient 
animals, hemoglobin cannot be built. 

The present paper describes the results of experiments designed 
to show whether copper-deficient animals can utilize porphyrin 
derivatives, e.g. chlorophyll, protoporphyrin, and bilirubin, for 
the synthesis of hemoglobin. Further, a study has been made 
of the fecal pigments of rats which had been fed chlorophyll. 


EXPERIMENTAL 


Effect of Tetrapyrrole Compounds on Anemia of Copper Defi- 
ciency—The method of Elvehjem and Kemmerer (23) was used 
to produce severe milk anemia in rats. 3 weeks after weaning, 
when the hemoglobin levels had fallen to 2 to 4 gm. per 100 ce. 
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of blood, each rat was fed 0.5 mg. of iron daily. The FeCl; used 
was especially purified to free it of copper. Some rats showed 
no hemoglobin response at all after 1 week of iron therapy. These 
were ready for pigment feeding. Others showed a slight tempo- 
rary increase in hemoglobin level, and hence were continued on 
the milk and iron diet until their hemoglobin values started to 
fall again, at which time the pigments were tested. Chlorophyll! 
and protoporphyrin’ were fed at levels of 20 mg. and 40 mg. per 
day. Iron feeding was continued throughout all of the experi- 


day day day 





Fic. 1. The effect of copper, chlorophyll, and protoporphyrin, per os, 
on copper deficiency anemia. All animals received 0.5 mg. of iron daily in 
addition to milk ad libitum. The arrows indicate the start of pigment or 
copper therapy. The cross indicates the death of the animal. 


ments and hemoglobin determinations were made weekly. The 
typical data in Fig. 1 show that hemoglobin production did not 
increase. Since it is known that porphyrin derivatives are poorly 
absorbed by animals, the compounds were then given to copper- 
deficient rats by parenteral injection. Chlorophyll dissolved 


! The chlorophyll used was grade No. 5X and was obtained from Ameri- 
ean Chlorophyll, Inc. The ratio of chlorophyll A to chlorophyll B was 
3:1, 

* The protoporp§rin was prepared by Dr. M. O. Schultze, Department 
of Chemistry, University of Pittsburgh. 
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in olive oil was injected in amounts ranging from 20 to 75 mg. 
Control rats received the olive oil alone. Another series of rats 
was injected with protoporphyrin at levels of 20 and 30 mg. For 
these injections the sodium salt of protoporphyrin was dissolved 
in water and the solution neutralized to pH 7.0. Still another 
group of rats received bilirubin’ intraperitoneally in amounts of 
15 to 50 mg. over a period of several days. For injection the 





te) 


Fic. 2. The effect of parenteral injections of copper, chlorophyll, proto- 
porphyrin, and bilirubin on copper deficiency anemia. All animals re- 
ceived 0.5 mg. of iron daily in addition to milk ad libitum. The arrows 
indicate single injections of the material in question. The amounts 
injected are expressed in mg. The cross indicates the death of the animal. 


bilirubin was suspended in a copper-free phosphate buffer at 
pH 7.5. The data presented in Fig. 2 show that in none of the 
cases did porphyrin derivatives have an appreciable effect on 
hemoglobin building. 

Fate of Chlorophyll in Gastrointestinal Tract of Rat—Soon after 


* The bilirubin was purchased from the Eastman @&odak Company, 
Rochester, New York. 
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the beginning of the experiments described above, it was observed 
that the feces of the rats receiving chlorophyll per os were dark 
green in color. In order to determine the nature of the green 
pigments, the following procedure was carried out. Two of the 
rats which were receiving 20 mg. and 40 mg. of chlorophyll per 
day were placed in metabolism cages. Their feces were collected 
over a 1 week period, the 2nd week of chlorophyll feeding. These 
feces were then dried, ground in a mortar, and finally extracted 
for 24 hours in a Soxhlet extractor in a mixture of 16 parts of 
skellysolve B, 5 parts of methyl alcohol, and 1 part of benzene. 
The dark green extract was shaken several times with water to 
remove the methyl alcohol. The petroleum ether-benzene phase 
was separated, dried with anhydrous sodium carbonate, and finally 
made up to a volume of 1 liter with a 16:1 mixture of petroleum 
ether and benzene. A 20 cc. aliquot of this solution was passed 
through a chromatogram with anhydrous sodium sulfate as 
adsorbent. The chromatogram column was prepared as described 
by Hesse (24). The dark green pigment band which appeared 
at the top of the column was resolved into four well defined 
bands and several faint indistinct bands by continued washing 
with a mixture of petroleum ether and benzene (9:1). The sodium 
sulfate column was then carefully removed from the glass tube 
and the layers of pigments separated by sectioning the column 
with a penknife. The two layers nearest the top, apparently 
chlorophyll A and chlorophyll B, were completely separated from 
the other pigments but not separated from each other. The 
chlorophyll fraction was eluted with acetone and the absorption 
spectrum of the acetone solution was compared with that of a 
standard solution containing 3 mg. of chlorophyll per liter (ratio 
of chlorophyll A to B = 3:1). The absorption curves of the 
feces pigment and the standard corresponded closely in form. 
The ratio of absorption intensities at 437.5 mu was equal within 
the limit of experimental error, to the ratio at 665.0 my, and hence 
it may be concluded that the pigments of the upper bands of the 
chromatogram were chlorophylls A and B. Calculations based 
on the light absorption at these wave-lengths show that 53 per 
cent of the chlorophyll ingested by the animal receiving 20 mg. 
per day had passed through the gastrointestinal tract unchanged. 
For the animal receiving 40 mg. per day the figure was 57 per cent. 
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The third layer of the chromatogram, which was apparently 
not homogeneous, was placed in a mixture of distilled water and 
petroleum ether. Upon shaking the sodium sulfate dissolved in 
the water and the pigment was transferred to the petroleum ether 
phase. After the latter fraction was shaken with successive por- 
tions of water and the phases separated in a separatory funnel, 
the solution of pigment was dried with anhydrous NaeCO; and 
again passed through a chromatogram, this time with powdered 
sugar as adsorbent. Washing with 9:1 and finally with 4:1 
petroleum ether-benzene mixture allowed the separation from the 
main pigment of two other pigments, one of which appeared above 
it in the chromatogram while the other appeared below it. The 


TaBLe I 
Absorption Maxima i in nw Mu = Chlorophyll Degradation Products (in Ether) 








PRONE HE Ska cen cénccctceee I a Ill lV Vv 








Third band of seems. | 


gram* 502.5 532.5 564+ 6.0 | 605.0 665.0 
Fourth band ef chromato 

gram* ..| 497.5 535.0) 560.0 608.8 + 5.0 | 665.0 

Probophorbide A (15)......| 503.3) 535.31 558.0 | 605.0 665.6 

ee B (15)...... | 498.3 532.1) 561.9 | 609.4 | 665.3 

oe to ae | 504.2 535.0, 561.3 605.7 | 664.6 

is D (15)...... | 500.7, 534.4 561.9 =| 600.0 | 663.4 





The numbers in parentheses refer to the bibliography. 
* The maximum error unless otherwise indicated is +2.5 mu. 


layers were separated as described above and the main pigment 
eluted by the use of a mixture of distilled water and ether. The 
absorption maxima are given in Table I, together with those of 
the four probophorbides isolated by Fischer and Hendschel (15) 
from sheep feces. Comparison indicates that the pigment of the 
third band of the chromatogram was either probophorbide A or C. 
These two compounds cannot be distinguished spectrophoto- 
metrically. 

The pigment of the fourth band of the chromatogram was 
purified by being passed through a chromatogram in a similar 
manner. Its absorption spectrum, the maxima of whichare also 
included in Table I, corresponds closely to that of probophor- 
bide B. 
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The faint bands of the original chromatogram were not in- 
vestigated. 


DISCUSSION 


The work of Barkan (25) and of Lemberg and coworkers (26) 
has shown that in the breakdown of hemoglobin to bilirubin, two 
intermediates, a- and §-pseudohemoglobin, are formed. The 
discovery by Edlbacher and von Segesser (27) of a copper-activated 
enzyme in hemolyzed red blood cells which catalyzed the produc- 
tion of pseudohemoglobins from hemoglobin immediately sug- 
gested that in the intact red blood cell, the reaction might proceed 
in the opposite direction. The results of the experiments reported 
in this paper would be expected if this theory were true, since 
then copper would be necessary for the last step in the process 
of hematopoiesis; namely, for the conversion of pseudohemoglobin 
to hemoglobin. Although it seems possible that this is one of 
the functions of copper, it is rather unlikely that this is the only 
function, especially in view of the fact that we now recognize 
definite enzymes such as tyrosinase and polyphenol oxidase which 
contain copper (28, 29). A disturbance in the oxidation-reduction 
systems of the hematopoietic centers might well result in decreased 
hemoglobin production. 

The degradation of chlorophyll in the gastrointestinal tracts 
of various species, especially of Herbivora, has been the subject 
of much research. The probophorbides have been found in human 
feces (15), sheep feces (15), sheep stomach contents (30), elephant 
feces (15), and horse intestinal concretions (31). The work 
reported in the present paper indicates that degradation of chloro- 
phyll in the rat intestine resembles that which occurs in human 
intestines (15, 32) in that in both cases the degradation proceeds 
to a much lesser extent than it does in ruminants, in which the 
end-product is phylloerythrin. 

The work of Fischer and Stadler (33) has shown that natural 
probophorbide A is a mixture of pyropheophorbide A and dihy- 
dropyropheophorbide A, while probophorbide B is chiefly pyro- 
pheophorbide B. Thus it appears that in the rat intestine, 
degradation of chlorophyll for the most part consists in removal 
of magnesium, phyty] alcohol, and methyl] alcohol, and decarboxy- 
lation at Cio. Hydrogenation of the vinyl group occurs to some 
extent. 
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SUMMARY 


1. Anemic rats deficient in copper but receiving optimum quan- 
tities of iron were given chlorophyll, protoporphyrin, and bili- 
rubin, both per os and parenterally. None of these compounds 
had a beneficial effect on hemoglobin production. 

2. The feces pigments of rats receiving chlorophyll per os were 
separated by means of the chromatogram. 

3. At the level fed, between 50 and 60 per cent of the chlorophyll 
ingested was excreted unchanged in the feces. 

4. The chlorophyll not eliminated per se appeared in the feces 
chiefly in the form of probophorbide A (or C) and probophorbide B. 

5. The relation of copper to the synthesis of hemoglobin in the 
light of recent discoveries is briefly discussed. 
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SPECTROPHOTOMETRIC EXAMINATION OF BLOOD 
FROM ANIMALS RECEIVING SULFANILAMIDE 
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A series of experiments was undertaken with the purpose of 
determining, if possible, what foreign pigments are present in the 
blood of animals exhibiting the marked cyanosis which frequently 
accompanies the administration of sulfanilamide. The presence 
of sulfhemoglobin or methemoglobin (or both) has been reported 
by many observers. Among such reports, however, there has 
been little unanimity, and moreover other observers have reported 
cases of clinical cyanosis unaccompanied by detectable quantities 
of non-functional iron pigment (1). The problem appeared to 
be one on which considerable light might be thrown by a com- 
prehensive spectrophotometric investigation. In view of the 
confusion existing in this field, it was felt from the start that little 
could be accomplished towards clarification unless complete 
absorption curves for the visible range were obtained. Moreover, 
the highest attainable accuracy seemed to be required. 


Technique of Measurement and Standards for Normal Blood 


A total of 81 rats was used in this investigation. In all, 112 
samples of blood were examined. Sulfanilamide in the form of a 
10 per cent suspension (with 5 per cent gum acacia) was adminis- 
tered by stomach tube. The daily dose was 2 gm. per kilo.' 
0.5 cc. of blood was withdrawn by means of a syringe from the 
heart of the unfed animal, delivered into 0.25 ce. of a 0.5 per cent 
sodium oxalate solution, and centrifuged. The supernatant liquid 
was removed and the erythrocytes washed three times with phys- 


1 When there seemed to be danger of the animal dying, the dose was 
reduced to 1.5 gm. per kilo. 
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iological salt solution, each washing being followed by centrifuging 
and removal of the salt solution. The washed erythrocytes were 
hemolyzed with distilled water and the total volume brought to 
50 cc. The solution was then centrifuged at high speed for 2 
hours in order to clear the solution for photometric reading. 
These solutions were diluted 3-fold further with buffers of the 
desired pH. The readings were made with a Bausch and Lomb 
re eer 10 cm. tubes being used for the 6000 to 6600 

. spectral region and 2 cm. tubes for the 5200 to 6000 A. region.? 
All measurements were made within 6 hours after the blood was 
drawn. The spectrophotometric readings were reproducible to 


TABLE I 
Extinction Coefficient 
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A. Average High Low | = 8 
| ? ? 
5770 15.13 | 15.2 | 15.06 | 1.73 
5600 8.73 8.95 8.56 
5420 14.62 14.70 14.52 | 1.68 





within 2 per cent, and the over-all reproducibility of the meas- 
urements was estimated to be well within 5 per cent. 

For purposes of standardization, a sample of each of the blood 
solutions was treated with K;Fe(CN). and KCN according to the 
method of Drabkin and Austin (2) and the extinction measured 
at 5450 A. By this procedure, oxyhemoglobin as well as any 
methemoglobin which may be present is converted to cyanmethe- 
moglobin. The millimolecular extinction coefficient ¢,,* is 11.5 
at 5450 A. for this compound. The measurement of the extinc- 
tion at this wave-length thus provides a means of determining 
accurately the hemoglobin content of blood solutions (not con- 
taminated with pigments other than methemoglobin) and hence 


2 In some instances, readings were made with a photoelectric indicator 
devised by one of us (M. Kniazuk). Details will appear in a forthcoming 


article. 
* —Logio 7 = encl, in which e,, is the millimolecular extinction coefficient, 


c is the concentration in mm (16.7 gm. in the case of hemoglobin) per liter, 
and / is the length in em. 
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of computing the extinction coefficient, ¢,, (c = 1 mm per liter). 
This method of computation was followed in all cases. In cases 
of colored contaminants (other than methemoglobin) this method 
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Fic. 1. Absorption curve for oxyhemoglobin. Circles indicate measure- 
ments at pH 9; circles with arrow-heads, measurements at pH 7. When 
measurements under the different conditions agree exactly, only plain 


circles appear. 


of computation is necessarily arbitrary. In such cases the relative 
extinctions so computed are denoted by e'm. 
The precision measurements of Drabkin and Austin (2) were 
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considered standard criteria for spectrophotometric determinations 
of hemoglobin and related compounds.* These authors report 
the values recorded in Table I for the absorption characteristics 
of oxyhemoglobin in neutral aqueous solution at various wave- 
lengths. a/g, 8/g are respectively the ratios of the extinctions 
at 5770 and 5420 A. to that at 5600 A. No dependence of the 
extinction on the pH is indicated in their work. 

A typical absorption curve for an oxyhemoglobin solution, 
obtained from washed erythrocytes according to the technique 
described above, is given in Fig. 1. It is to be noted that in the 
spectral region 6600 to 6000 A. the measurements at pH 7 and 
9 agree exactly, and that in the region of the absorption bands of 
sulf- and methemoglobin (6200 to 6400 A), the extinction co- 
efficient is 0.5 + 0.1. It is to be noted further that in the spectral 
region 5400 to 5800 A. there is a slight dependence on the pH. 
In spite of this observed dependence on the pH (within the ex- 
perimental error) the values of the extinction fall inside the limits 
set by Drabkin and Austin. Complete independence of the pH 
was regarded as normal for oxyhemoglobin solutions, although no 
sample was regarded as significantly abnormal in this respect 
unless the difference in absorption, for pH 7 and 9, amounted to 
as much as 0.2 in the 6100 to 6400 A. range and to as much as 0.5 
at the wave-lengths 5770, 5600, and 5420 A. This latter latitude 
had to be allowed, since with normal bloods differences as great 
as 0.5 were frequently observed for solutions at pH 7 and 9, the 
solution at pH 7 invariably giving rise to a smaller absorption 
than that at pH 9 (in the 5400 to 5800 A. region) when they did 
not coincide. This effect was investigated at length and regarded 
finally as a normal variation. The a/g ratio was regarded as 
normal if it lay between 1.60 and 1.75 and the 8/¢ ratio as normal 
if it lay approximately 0.05 below ‘the a/y value. Addition of 
KCN was observed not to alter the absorption of oxyhemoglobin 
solutions. This test was applied regularly in the 6000 to 6600 
A. region, where alterations in the absorption would be most 


indicative. 


* Reports of slight differences in the absorption curves of hemoglobin 
of different species have not been considered significant for the present 


purpose. 
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Results Obtained Following Sulfanilamide Administration 


A large number of bloods indicated the presence of methe- 
moglobin. A typical example is given in Fig. 2. The animal 


7 








8600 6400 6200 6000 a 5800 

Fic. 2. Absorption curve indicating presence of methemoglobin. 
Circles indicate measurements at pH 9; circles with arrow-heads, measure- 
ments at pH 7; triangles, measurements at pH 9 after treatment with 
KCN. When measurements under the different conditions agree exactly, 
only plain circles appear. 


whose blood is represented here had been fed sulfanilamide for 
only 3 days, but similar curves were obtained in cases of much 
longer feeding. The presence of methemoglobin seems to be 
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definitely indicated by the graph in Fig. 2 for the following reasons: 
(1) the increase in absorption in the region of the methemoglobin 
band, 6100 to 6400 A., (2) the nature of the dependence of the 
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Fie. 3. Absorption curve indicating presence of sulfhemoglobin. 
Circles indicate measurements at pH 9; circles with arrow-heads, measure- 
' ments at pH 7; triangles, measurements at pH 9 after treatment with KCN. 
When measurements under the different conditions agree exactly, only 
if plain circles appear. 
' 


absorption on the pH in this region, (3) the crossing of the absorp- 
{4 tion curves (for various pH) at 6150 A., (4) the reduction of the 
absorption in the 6100 to 6400 A. region following the addition 
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of KCN. Graduated production of methemoglobin by adding 
K;Fe(CN), to oxyhemoglobin solutions yielded absorptions, con- 
firming the facts on which the above conclusions are based. 

A large number of bloods gave rise to curves like that given in 
Fig. 3. The pronounced maximum of absorption at 6200 A. and 
the fact that the absorption curves show no dependence on the 
pH suggest strongly that the contaminating pigment in these 
cases is sulfhemoglobin. The animal whose blood is represented 
in Fig. 3 had been fed sulfanilamide for 11 days, but the develop- 
ment of a blood of these characteristics bore no detectable rela- 
tionship to the duration of feeding. Drabkin and Austin (2) 
have determined by indirect means an absorption curve for pure 
sulfhemoglobin. Their curve shows a pronounced maximum at 
6200 A., em being equal to 6.0, 11.0, and 7.6 at 6400, 6200, and 
6000 A. respectively. A mixture of 14 per cent sulfhemoglobin 
and 86 per cent oxyhemoglobin for example shows clearly a maxi- 
mum of absorption at 6200 A. (€m = 2.0; compare «, = 0.5 for 
pure oxyhemoglobin). From the height of the maximum at 6200 
A. in Fig. 3, the sulfhemoglobin content is estimated to be ap- 
proximately 15 per cent. 

In Fig. 4 is given a curve showing a similarity to that of Fig. 
3; @.e., especially in showing a well defined maximum at the wave- 
length 6200 A. which is characteristic of sulfhemoglobin. This 
curve, however, differs from that in Fig. 3 by showing a dependence 
on the pH. This dependence on the pH cannot be attributed to 
methemoglobin, since the curves do not cross at any point in the 
6000 to 6600 A. range, as expected, and moreover regularly ob- 
served, in the case of methemoglobin. The scarcely perceptible 
decrease in the absorption (pH 9) on addition of KCN likewise 
indicates that the additional contaminant is not methemoglobin. 
It was assumed, however, that curves of this type indicated that 
one of the contaminants of the oxyhemoglobin is sulfhemoglobin. 

Many strikingly abnormal curves were obtained as shown in 
Fig. 5. The animals whose bloods are represented here were fed 
sulfanilamide for 9 days. The abnormalities in these curves are 
such that they cannot be attributed primarily either to methe- 
moglobin or to sulfhemoglobin. It is to be noted that these 
curves show a greater absorption at 5420 A. than at 5770 A. 
and a large dependence on the pH over the entire range. Both 
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of these effects are much greater than that which could be produced 
by methemoglobin (or by sulfhemoglobin), at least in the con- 
I7L 
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Fic. 4. Absorption curve assumed to indicate presence of sulfhemo- 
globin plus unidentified pigment. Circles indicate measurements at pH 9; 
circles with arrow-heads, measurements at pH 7; triangles, measurements 
at pH 9 after treatment with KCN. When measurements under the 
different conditions agree exactly, only plain circles appear. 





centrations indicated by the absorption observed in the 6100 to 
6300 A. region.‘ 


‘ In curves departing so widely from that of oxyhemoglobin, it is essen- 
tial to remember that the ordinates (¢’,,) measure relative absorptions only. 
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Curves | to 9 in Fig. 6 represent on an enlarged scale the spec- 
trophotometric results obtained in the 6100 to 6500 A. region for 
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Fic. 6. Absorption curves for the 6100 to 6500 A. spectral region on an 
enlarged scale. Curves 1 to 9 represent results obtained for the blood 


solutions (pH 9) of a group of rats fed sulfanilamide for 62, 43, 30, 27, 62, 
58, 18, 21, and 58 days respectively. Curve 10 represents a normal blood. 


the blood solutions (pH 9) of a group of rats fed sulfanilamide for 
62, 43, 30, 27, 62, 58, 18, 21, and 58 days respectively. Curve 
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10 represents a normal blood. In all of these solutions the ab- 
sorption showed a pH dependence, the absorption at pH 7 being 


appreciably greater than that at pH 9 (in the 6100 to 6500 A. 


I7L 








Fic. 7. Absorption curve showing inappreciable departure from that 
of oxyhemoglobin. Circles indicate measurements at pH 9; circles with 
- 


arrow-heads, measurements at pH 7. When measurements under the 
different conditions agree exactly, only plain circles appear. 


region), and there was almost invariably a slight reduction in the 
absorption on addition of KCN. Small percentages of methe- 
moglobin were assumed in all of these solutions, but the general 
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shape of the curves seems to preclude the possibility that the chief 
contaminant in these solutions was either methemoglobin or 
sulfhemoglobin (or a mixture of the two). 

It should be mentioned finally that many samples of blood were 
examined which showed scarcely detectable departures from the 
normal. An example is given in Fig. 7. This apparent absence 
of foreign pigment was observed repeatedly, even in cases in 
which the animals showed pronounced cyanosis and in which the 
blood immediately on being drawn was definitely of a darker, 
bluish cast than that from normal animals. 


DISCUSSION 


From the above spectrophotometric results, as well as those 
reported by other investigators, it is clear that methemoglobin or 
sulfhemoglobin (or both) may be frequently observed in blood from 
animals receiving sulfanilamide. It is undeniable, however, that 
cyanosis occurs in cases in which methemoglobin or sulfhemoglobin 
(or both) is not present in the blood in quantities large enough for 
practical detection. Moreover, many blood solutions have been 
examined which appear to be perfectly normal spectrophotomet- 
rically. In others there are present to a comparatively large 
degree foreign pigments as yet unidentified. 

In spite of the fact that all animals were kept under identical 
conditions, there was a variability in the results of the experiments 
which seemed to be utterly beyond control. It should be men- 
tioned, however, that with any given group of animals being 
treated simultaneously, the results seemed to be to a certain ex- 
tent of the same general character, although there was still a 
wide variation in the degree of the observed abnormality between 
different members of a group. Moreover, with a given member 
of the group, the daily variation in the photometric blood picture 
was distinctly irregular. There was often a considerable decrease 
in hemoglobin content after feeding the drug for several days, 
followed by irregular increases. The results seem to indicate 
that the foreign pigments do not arise from direct chemical action 
of the drug (or of its decomposition products) with compounds 
present in the animal body but rather that the drug indirectly 
stimulates the hematopoietic mechanism, resulting in a chaotic 
production of compounds related to hemoglobin. This conclusion 
is in line with the results of Rimington and Hemmings (3) who 
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report abnormally high values for the ether-soluble porphyrin 
content in the urine of hospital patients treated with sulfanilamide. 


SUMMARY 


A spectrophotometric examination of blood from animals re- 
ceiving massive daily doses of sulfanilamide indicated a variety 
of effects: (1) bloods containing either methemoglobin or sulf- 
hemoglobin, (2) normal bloods, and (3) bloods contaminated with 
unidentified foreign pigment. A rigorous technique was used in 
preparing the blood solutions. In spite of this and of an attempt 
at the highest attainable accuracy in the spectrophotometric 
readings, there was an extremely wide variability in the results 
obtained. 
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THE GONADOTROPIC HORMONE OF URINE OF 
PREGNANCY 


I. A SIMPLE METHOD OF EXTRACTION AND PURIFICATION* 
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(From the Departments of Physiological Chemistry and Obstetrics and 
Gynecology, School of Medicine, University of 
Pennsylvania, Philadelphia) 
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Progress in the study of the gonadotropic hormone of pregnancy 
urine has long been delayed by lack of dependable methods for 
its purification.’ Katzman and Doisy (1) as well as Zondek, 
Scheibler, and Krabbe (2) have succeeded in preparing gonado- 
tropic products containing more than 1000 rat units per mg., but 
by processes which could not be standardized and in which the 
yields were apparently insufficient to make further studies prac- 
ticable. Meyer (3) has described preparations containing 500 
or more rabbit ovulation-producing doses per mg., and appears 
to be the only investigator who has examined in some detail the 
chemistry of hormone preparations of this order of activity. 

When Browne and Venning in 1936 (4) and Evans, Kchls, 
and Wonder in 1937 (5) reported that the urinary excretion of 
gonadotropin in the human is many times greater between the 
60th and 80th days than at other periods of pregnancy, it seemed 
reasonable that urine collected at such a time would be a rich 
and readily available material for study. With the use of such 
urine we have developed a simple, inexpensive, and well standard- 
ized method for obtaining highly active preparations of gonado- 
tropin in good yield. 

* Aided by grants from the Penrose Fund of the American Philosophical 
Society, from the National Research Council, and from the Gynecean 


Hospital Institute for Gynecological Research, University of Pennsylvania. 
! The literature up to 1932 is well summarized by Katzman and Doisy (1). 
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EXPERIMENTAL 


Assay Technique—The isolation procedures were checked at 
each step by quantitative assay of the gonadotropic activity of 
the various products. For this purpose, carefully selected and 
isolated mature rabbit does were used, 5 to 25 days after they had 
cast healthy full term litters. The substance to be assayed was 
administered in a freshly prepared solution by a single injection 
into a marginal ear vein. Results were read by inspection of the 
ovaries 24 to 48 hours later, the presence of freshly ovulated fol- 
licles constituting the sole criterion of a “positive” reaction. The 
unit of activity selected was the minimal effective dose (m.e.d.) 
proposed by Friedman (6)—+1.e., the dose per kilo of body weight 
of rabbit necessary to cause ovulation.’ 

When proper precautions were observed in the selection of assay 
animals, our own experience has confirmed Friedman’s claims for 
the uniform sensitivity of the healthy postpartum rabbit. In 
most of the quantitative assays here recorded, single animals were 
used at the varying dose levels in determining the range of activity 
of the gonadotropic fractions tested. In certain critical experi- 
ments a larger number of animals was employed, but without al- 
teration of the conclusions arrived at with single animals. De- 
tails of our experience with quantitative assay work in the rabbit 
will be reported elsewhere. 

The comparative size of the minimal effective dose in the post- 
partum rabbit in relation to the more commonly used rat unit 
of the literature has been determined for pregnancy urine prepara- 
tions by Rowe, Simond, and Nelson (7), who found that 1 min- 
imal effective dose was approximately equivalent to 1 rat unit. 


* Friedman has shown that the sensitivity of the healthy postpartum 
rabbit to administered gonadotropinis uniform, per unit of body weight, 
for all animalsweighing more than 2 and less than 4.5 kilos. Provided 
that his precautions concerning the selection of assay animals are observed, & 
minimal effective dose per kilo will produce ovulation in more than 90 per 
cent of the rabbits tested. A dose that is 30 per cent lower than this will 
produce ovulation in less than 10 per cent of animals. Because of this, 
it is not feasible to select for the rabbit, as is done for the rat, a unit defined 
by a 50 or 60 per cent incidence of positive reactions. From his statistical 
data Friedman calculates that with the use of one rabbit at each dose level 
in any range-finding assay it is possible to define biologic activity nine 
times out of ten with an error of less than 30 per cent. 
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A ratio of 1 minimal effective dose to between 1 and 2 rat-luteinizing 
units has also been suggested by studies which were conducted 
through an exchange of materials and assay data among Dr. 
W. O. Nelson, Dr. O. Kamm, Dr. M. H. Friedman, and ourselves.* 

Source Material and Initial Work-Up—Pregnancy urines were 
collected between the 50th and 90th days following the last men- 
strual period. They were commonly kept 1 or 2 days at 0-5° 
with chloroform, and then each patient’s urine was pooled and 
worked up separately. 

For the initial separation of hormone, Katzman and Doisy’s 
benzoic acid adsorption method (8) was employed, all steps being 
carried out in the cold room at 0-5°. The initial precipitate was 
washed three or four times with cold, saturated aqueous benzoic 
acid solution on a Buchner funnel, and the thoroughly pressed 
precipitate then treated with sufficient acetone to dissolve the 
benzoic acid. The insoluble residue was washed and dehydrated 
with several changes of anhydrous acetone, and the product col- 
lected and dried in vacuo. This material was called Product A. 

The following comments on this technique may be of interest: 
Prolonged washing of the initial precipitate with saturated aqueous 
benzoic acid solution does not dissolve the hormone, but causes 
peptization of the hormone-containing residue in the acetone which 
is used for removing benzoic acid. Unless care is exercised to 
flocculate this suspended material by adding salt to the acetone, 
there may be difficulty in collecting it by either filtration or cen- 
trifugation, and an appreciable part of the original hormonal 
activity of the urine may thus be lost. As much as 75 per cent 
of the available activity of some urines has been recovered from 
the cloudy supernatant acetone, when the suspended material 
has been flocculated and collected separately. Such material 
may show an increased activity amounting to 100 to 250 min- 
imal effective doses per mg. (see Table IV, Experiments 2 and 3). 
There appears to be no advantage, however, in regularly collecting 


*Our thanks are due Dr. W. O. Nelson of Wayne University, Dr. O. 
Kamm of Parke, Davis and Company, and Dr. M. H. Friedman of the 
United States Department of Agriculture, for these exchanges of materials 
and for the assay work mentioned. We are also indebted to Dr. Friedman 
for valuable advice and assistance in connection with the rabbit assays. 

‘We thank Dr. F. L. Payne for his cooperation in obtaining early preg- 
nancy urine. 
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it apart from the heavier portions of the insoluble material, since 
the amounts and activities thus recovered are variable. 

When the insoluble residues were dried in the usual manner, 
approximately 0.5 gm. (0.2 gm.) of grayish brown powder was 
obtained from each liter of urine (Table I). The pooled urines 
assayed directly contained 10,000 to 50,000 minimal effective 
doses per liter. The recoveries of activity in the powders have 
usually been quantitative, as Katzman and Doisy found with 
mixed pregnancy urine. These preparations, containing 25 to 
50 minimal effective doses per mg., were the starting material 
for our purification experiments. 

















TaBLe I 
Efficiency of Benzoic Acid Adsorption and Recoveries of Crude Hormone 
Urine | Benzoic acid adsorbate (Product A) 
Experi t a nininina oll aa ile des: 3 
No. Total Activi | -Weigt : —s 
veiame vity | eight Purity Activity recovered 
létere oe mg. per l a - pad wr per cent 
1 10.0 20 eS) eo) ese)? 
2 4.7 20 508 40 20 100 
3 4.7 20 563 33 20 100 
4 8.8 500 50 25 | 
5 35.7 540 | 50 25 
6 13.9 640 50 30 
7 14.8 700 55 40 
8 16.0 470 33 15 | 




















*M.e.d. = minimal effective doses (See ‘Assay technique’). 


rad 


Fractionation of Product A with Aqueous Acetone—Purification 
of Product A was first attempted by fractional precipitation with 
acetone. For this purpose a sample was stirred for several hours 
with 10 volumes of cold water and allowed to stand for 24 hours. 
After centrifuging and extracting the residue three times with 
3 to 4 volumes of water, most of the activity was found in the 
turbid supernatant, although 80 per cent of the original solids 
remained insoluble. Addition of cold acetone to a concentration 
of 30 per cent precipitated the suspended material, and to the 
clear supernatant the further addition of acetone to 70 per cent 
yielded a product containing 250 minimal effective doses per mg. 
and more than 95 per cent of the original activity. 
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In order to simplify this process another portion of the same 
Product A was eluted directly by suspending it in 3 to 4 volumes 
of cold 30 per cent acetone at 0-5° for 24 hours. After centrifuga- 
tion and repeated washing of the residue with cold solvent, the 
combined clear extract (10 volumes) was treated with cold acetone 
to make a concentration of 70 per cent. The resulting precipitate 
obtained by centrifugation contained 1000 minimal effective doses 
per mg. and more than 80 per cent of the original activity. No 


Taste II 
Elution of Benzoic Acid Adsorbates with Aqueous Acetone 





Starting material (Product A)| Final product (Product C) Crigiash extietig > 


Experi- _ - —_ _ —— —_ = ae m 

ment aati | | In In resi- | 
| Weight | Purity onthe Weight! Purity activity Prod- Product Total 
gm. oa oes. | mg. Sion aoe er cent per cent per cent 

| | 
1 | 4.48*| 45 190 | 170 | 1.0 | 170 | 90 | 90 
2 | 8.70*| 50 435 | 293 | 0.5 | 1580 | 35 | 25 60 
3 | 1.34t| 50 67 | 36) 05 | 18 | 2% | 10 35 
4 | 1.45*| 40 58 | 34] 1.5 51 9 | 15 105 
5 |10.20t | 40 408 | 322 | 0.5 | 161 | 40 | 2 65 
6 | 3.89t! 40 156 63 | 0.5 32 | 20 | 40 60 
7 | 6.29*| 33 | 208 | 53| 10! 53 | 2 | so | 7% 
8 5.10* | 33 | 168 45 | 2.0 | 90 | 55 | 40 95 
9 5.00* 50 250 92 | 2.0 | 184 75 | 25 100 
10 5.26* | 50 263 85 | 2.0 | 170 | 65 | 35 100 
85 j 





11 0.91° |; 5O | 46 | 38) 1.0 | 38 


* 30 per cent acetone; 24 hours extraction. 
t 40 per cent acetone; 2 hours extraction. 
t 30 per cent acetone; 2 hours extraction. 


further increase of purity was obtained by a repetition of the 
procedure. A preliminary report on this method was made in 
1938 (9). 

Since a 20-fold purification was obtained by this simple process, 
we began to apply it routinely to our A products (see Table II). 
It was soon observed, however, that the method required im- 
provement, since the potency of the resulting preparations varied 
from 500 to 2000 minimal effective doses per mg. and, in addition, 
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considerable variation in total recoveries of the hormone was 
noted. No further improvement could be obtained by increasing 
the concentration of acetone in the solvent or by decreasing the 
time of extraction. 

A number of experiments of this type are summarized in Table 
II. The results of biological assays upon all the fractions thus 
obtained revealed the following. When end-products of high 
potency were obtained, the recoveries of activity were satisfactory. 
When preparations of a low order of activity were obtained, a 
considerable percentage of the original activity could not be 
accounted for when both the derived products and residues were 


Tasie III 
Inactivation of Hormone Solutions at 0-5° 








Activity of solution, m.e.d. per ml. 














ng Solvent | lh, SE a RE 
| | | Ohrs. | 2¢hrs. | 48 hrs. | 96 hrs. 
160 | Distilled water | 65 | 20 | 2.0 
Aqueous acetone (30%) 6.5 2.0 2.0 
Same with CH;,COOH 4.6 2.0 0.5 
si * C,H;COOH 4.6 2.0 0.5 
214C Distilled water 6.5 2.0 0.5 0.5 
CH;COOH 3.5 2.0 0.5 0.5 
2B “ 4.5 1.0 0.5 0.5 
1B = 4.5 1.0 1.0 0.5 




















* The pH determinations were made colorimetrically. 


assayed. Since there was no synergistic effect observed when 
certain of these products and residues were mixed together in 
appropriate proportions and reassayed, the observed losses of 
activity had to be ascribed to partial inactivation occurring during 
the purification procedure. 

Observations on Inactivation of Gonadotropin—Several investi- 
gators have noted that purified preparations of pregnancy gonad- 
otropin are unstable in aqueous solution. Because Katzman (10) 
had further observed that gonadotropic preparations from meno- 
pausal urine obtained by the benzoic acid method were inferior 
to similar preparations made by other methods, and had ascribed 
the inferiority of the first method to its acidity, attention was 
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directed to the possible rdle of prolonged exposure to acid in 
the inactivations noted in our own preparations. The pH of our 
aqueous acetone extracts was invariably 4.5 to 5.0. To put the 
matter to experimental test, a number of purified preparations 
were deliberately exposed to the action of weak acid at 0-5° for 
varying periods of time, with the results shown in Table III. 
These results indicated that the purified hormone was even more 
labile than had hitherto been suspected, and suggested that the 
discrepancies noted in the extractions made with 30 per cent 
acetone might be obviated by closer attention to such details as the 
acidity of the extraction mixtures and the length of time during 
which the hormone was exposed to these acidities. We have, 
therefore, introduced several modifications which have resulted 
in a procedure that is superior to the earlier method and has been 
well standardized (see the accompanying diagram). 


Early pregnancy urine, 10,000-50,000 m.e.d. per liter 
Add benzoic acid 


Se 
Filtrate Benzoic acid ppt. 
Extract with acetone 
Filtrate Residue (Product A), 30-50 m.e.d. per mg. 
Extract with 50% ethanol at pH 6.0 
eS 
Extract Residue 
| Add 2 volumes ethanol 
a : 1 " 
Filtrate Ppt. (Product B), 200-500 m.e.d. per mg. 
| Extract with 50% ethanol at pH 4.8 
—— - 2 2. 
[ . 
Extract Residue 
Add 1 volume ethanol 
Filtrate Ppt. (Product C), 1000-3000 m.e.d. per mg. 


Extraction of Product A with 50 Per Cent Ethanol—The procedure 
involves preliminary grinding of Product A (weight taken = z gm.) 
under 10 times its weight (10z cc.) of cold 50 per cent aqueous 
ethanol, with careful addition of 2 per cent NH; in 50 per cent 
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ethanol until a pH of 6.0 is reached.’ The suspension is allowed 
to stand 24 hours at 0-5°, preferably in a wide vessel to produce a 
shallow layer, and is then centrifuged at high speed. The pre- 
cipitate is washed several times by mechanical stirring with 2z ce. 
of 50 per cent ethanol. The combined alcoholic extracts (oc- 
casionally cloudy) are treated with 2 volumes of cold absolute 
ethanol to precipitate the hormone, and, after chilling for several 
hours, are centrifuged. The precipitate is washed with 85 per 
cent ethanol. 

The material precipitated by alcohol is extracted three or four 
times by stirring for 30 minutes with lz to 2z cc. of 0.3 mM sodium 
acetate-acetic acid buffer in 50 per cent ethanol at pH 4.8.5 After 
centrifugation, the combined acid-alcohol solutions are treated 
with an equal volume of cold absolute ethanol and chilled for 
several hours. The resulting precipitate obtained by centrifuging 
is successively washed with 75 and 95 per cent ethanol and finally 
several times with anhydrous acetone. It is occasionally neces- 
sary to add a trace of sodium acetate during the last washing. 
After thorough drying, a colorless amorphous product is obtained 
which consistently assays 1000 to 3000 minimal effective doses 
per mg. The yields are greatly improved over those observed 
with the 30 per cent acetone method. A summary of the results 
obtained is given in Table IV. 

Further Purification Experiments—As was noted with the 30 
per cent acetone products, no further purification of the fractions 
obtained with the 50 per cent ethanol method was observed after 
another extraction with the same solvent. Fractions of this 
otder of activity were precipitated from aqueous solutions by 
uranyl acetate, tannic acid in the presence of acetic acid, and by 
complete saturation with ammonium sulfate. Little purification 
could be obtained with these reagents. 

When aqueous solutions of similar fractions (3000 minimal 
effective doses per mg.) were shaken with chloroform at pH 4.5 
to 5.0 (Sevag (11)), a small amount (1 to 5 per cent) of inert pro- 
tein was precipitated. Upon removal of this impurity, the hor- 
mone was no longer readily precipitated with tannic acid in the 


* To determine the pH, a drop of the 50 per cent alcoholic solution was 
added to about 0.5 cc. of water on a spot plate and an appropriate indicator 
was added. 
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presence of acetic acid, though it could be recovered if the solution 
was first acidified with sulfuric acid (12). Fractions similarly 
treated with chloroform were found to precipitate at pH 3.0 to 
4.0 with iodine in potassium iodide, as described by Meyer (3). 
The hormone in preparations this active did not dialyze through 
cellophane membranes. Treatment with iodine in potassium 
iodide, tannic acid, or dialysis following removal of traces of pro- 
tein with chloroform yielded preparations containing 4000 minimal 


Tasie IV 
Elution of Benzoic Acid Adsorbates with Aqueous Ethanol 


Starting material (Product A) Final product (Product C)| Original activity re- 





covered 
bape ——— —_— 
No. In In resi- 
| Weight | Purity A. i Weight | Purity ... 2 Prod: Product Total 
m.e.d. | m.ed. med. | med. 
gm. per mg. Xx 1000 mg. ian. x 1000 per cent per cent per cent 
1 5.00 33 | 165 147 1.0 147 90 90 
2 | 0.28*| 100 | 28 | 2! 1.0 2% | 95 95 
3 0.30* | 100 30 20 | 1.0 20 | 65 65 
4 5.00 33 165 102 | 2.0 204 100 100 
5 | 10.00 33 | 330 | 168 | 2.0 | 336 | 100 100 
6 | 25.00 | 25 | 625 | 325| 1.0 | 328 | 5o| 45 | 95 
7 |25.00 | 25 | 625 | 367/| 1.0 | 367 | 60 | 45 | 105 
Ss | 21.00 | 25 525 171 1.5 257 5O 40 9 
9 | 18.60 5O 930 146 3.0 438 45 55 100 
10 17.00 50 850 338 3.0 | 1014 100 100 


as 


* Prepared by prolonged washing of benzoic acid precipitates followed by 
recovery from the cloudy supernatant acetone. 


effective doses per mg. and therefore appeared to effect a small 
purification of our ethanol extraction products. 

Preliminary cataphoresis experiments with a preparation 
assaying 500 minimal effective doses per mg. resulted in 2- to 
3-fold purification when carried out at low temperatures. Be- 
cause very little decomposition was observed under the conditions 
employed, a similar investigation of more active preparations is 
now under way. 

Solubility of Purified Gonadotropin—Glycerol, ethylene glycol, 
ethylene chlorohydrin, and formamide were found to be good 
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solvents for preparations assaying 500 to 2000 minimal effective 
doses per mg., while methyl, ethyl, and butyl alcohols, benz- 
aldehyde, salicylaldehyde, furfuraldehyde, cresol, trimethylene 
glycol, ethylene glycol monoethyl ether, and 8,8’-dihydroxyethyl 
ether dissolved relatively small amounts. Very little purification 
resulted from the use of any of the above reagents, nor were at- 
tempts to fractionate with aqueous ethyl alcohol or glycerol- 
ethyl alcohol mixtures more successful. It is of interest to note 
that the hormone was stable in glycerol solution when heated at 
100° for 1 hour, while in formamide rapid inactivation took place 
at 0°. Ethylene glycol solutions were moderately stable, while 
the hormone appeared to undergo gradual inactivation in ethylene 
chlorohydrin. 

Characteristics of Purified Gonadotropin—The preparations 
assaying 500 to 2000 minimal effective doses per mg. are colorless, 
amorphous powders containing approximately 10 per cent ash. 
They give the following positive qualitative tests: Molisch, 
biuret, ninhydrin, Millon, Pauly diazo, Sakaguchi, hexosamine, 
and ammoniacal AgNO; (slow reduction in the cold). The follow- 
ing tests are negative: Tollens’ naphthoresorcinol, Seliwanoff, 
Hopkins-Cole. No precipitation from aqueous solutions is 
obtained with picric, picrolonic, flavianic, rufianic, trichloroacetic, 
or sulfosalicylic acids. 

The preparations contain acetyl groups and hexosamine (Meyer 
(3))® as well as carbohydrate. While their activity appears to 
be somewhat greater than that of Meyer’s preparations, their 
physical and chemical properties are similar to his and confirm 
his belief that the hormone is a mucoid. Tyrosine and arginine 
are found, while histidine and tryptophane are either absent or 
present only in traces. The hormone is inactivated by coupling 
with diazotized sulfanilic acid at pH 9.0 in the cold, as noted by 
Bischoff and Long (13). A preliminary report of the carbohydrate 
of our preparations has been made elsewhere (14). The details 
of this study, together with further chemical data, will appear in 
a later paper. 

The applicability of the 50 per cent ethanol method to benzoic 
acid preparations of urine obtained at later periods of pregnancy 


* We wish to thank Dr. K. Meyer for his courtesy in determining the 
acetyl and hexosamine content of several of our preparations. 
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has been examined in a preliminary way. Although further work 
is necessary, it appears that the method will also yield preparations 
active in 1000 minimal effective doses per mg. from urine obtained 
at such times. 


We are pleased to acknowledge the capable assistance of Miss 


Dorothy B. Hood. 


SUMMARY 


Two simple processes have been developed for obtaining highly 
active gonadotropic hormone preparations from pregnancy urine. 
Both involve preliminary adsorption of the hormone upon benzoic 
acid, and the recovery of the crude hormone, as described by 
Katzman and Doisy. 

The first method consists of a single extraction of the crude 
hormone adsorption product with 30 per cent aqueous acetone. 
The preparations thereby obtained assay 500 to 2000 minimal 
effective doses per mg. on the postpartum rabbit. 

The second method involves an extraction of the crude ad- 
sorption product with 50 per cent ethanol, at pH 6.0, and a re- 
extraction of the derived product with the same solvent at pH 
4.8. By this method preparations assaying 1000 to 3000 minimal 
effective doses per mg. are obtained. This method is well stand- 
ardized for early pregnancy urine, from which good recoveries of 
hormone activity may be obtained. 

Further purification of these products with tannic acid, iodine 
in potassium iodide, or dialysis, yields preparations containing 
4000 minimal effective doses per mg. 

Highly purified preparations contain a carbohydrate-polypep- 
tide complex, and, as stated by Meyer, have the properties of a 
mucoid. Although stable in the dry state, the hormone in 
aqueous solution may undergo marked losses of biologic activity 
after 48 hours, even when kept in the cold. 
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A NEW COUPLING COMPONENT FOR SULFANIL- 
AMIDE DETERMINATION* 
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The method proposed for the determination of sulfanilamide 
(1-3) has been widely used in estimating the drug in blood and 
urine both in experimental work and in controlling the dosage of 
the drug for patients. During the 2 years since the method has 
been in use, certain disadvantages have become apparent. The 
use of N, N-dimethyl-l-naphthylamine (dimethyl-a-naphthyl- 
amine) as the coupling component for the diazotized sulfanil- 
amide is not entirely satisfactory on account of the necessity of a 
catalyst for rapid development of color in dilute solutions, the 
need of a large excess of the reagent, and the necessity of a certain 
amount of alcohol to keep the resultant azo dye in solution. A 
coupling component which can be obtained in the form of a crys- 
talline salt of reproducible composition and which gives a soluble 
azo dye in acid solution appeared desirable. The other defect 
which was discovered in the method was that certain samples 
of dimethyl-a-naphthylamine did not give complete recovery of 
sulfanilamide added to normal blood. This was found to be due 
to the salts (mainly chloride) present in the blood filtrate catalyz- 
ing the destruction of the azo dye by the excess nitrite. 

Modifications of our method by various authors offer no real 
advantages. In the main, these procedures have consisted in 
altering the amount of blood and reagents used (4), a purification 
of the coupling component (5), or a restatement of slight modifica- 


* This investigation has been aided by a grant from the John and Mary 
R. Markle Foundation. 
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tions already described by the author (6, 7). Two important 
improvements in the method were described about a year ago 
(8); namely, the destruction of excess nitrite by ammonium sul- 
famate and the buffering of the diazotized solution before coupling 
with dimethyl-a-naphthylamine. The destruction of excess 
nitrite, by preventing the formation of nitroso compounds, allows 
the use of a much wider variety of coupling components than is 
otherwise possible. Previously, but unknown to us at the time, 
Hecht (9) determined N*-sulfanilyl-N', N'-dimethylsulfanilamide 
in urine and blood by coupling the diazotized compound with 
N-ethyl-l-naphthylamine after destruction of the excess nitrite 
with sulfamic acid or urea. 

We decided that the ideal coupling agent for determination of 
sulfanilamide should exhibit rapidity of coupling, sensitivity, 
purity, and reproducibility, be unaffected in rapidity of coupling 
by changes of pH from 1 to 2, and that the azo dye formed should 
be acid-soluble and not affected in color by pH changes from 1 
to 2. A number of compounds which appeared to be promising 
in these respects and which couple in acid solution' have been 
examined. 

The rapidity of coupling (speed) was noted for diazotized 0.1 
and 0.01 mg. per cent solutions of sulfanilamide buffered to pH 
1.3; also the influence of pH on the rapidity of coupling with a 
1 mg. per cent solution, the sensitivity with a 0.01 mg. per cent 
solution, the solubility of the azo dye with a 10 mg. per cent solu- 
tion, and the effect of pH on the color of the dye in the same 
solutions used for determining the effect of pH on speed. Tri- 
chloroacetic acid was used for acidification, excess nitrite was 
destroyed with ammonium sulfamate, and pH was varied by 
adding excess acid or sodium dihydrogen phosphate. In Table 
I are summarized these preliminary tests on seventeen compounds. 
Two aqueous solutions of each coupling component were used, 
one of such a strength that 10 moles per mole of diazonium salt 
were used for the 10 mg. per cent solution of sulfanilamide and the 
other one-tenth as strong for use with the other dilutions of the 
drug. A minimal quantity of hydrochloric acid was used to 
dissolve coupling Compounds 1 to 3, 6 to 9, and 13; sodium 


1 Coupling in alkaline solution has certain disadvantages which have 
been cited (3). 
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hydroxide was employed on Compounds 4, 10 to 12, 15, and 
16; alcohol was necessary for Compound 17. Coupling Com- 
pounds 2 to 4, 7, and 10 to 17 were obtained from E. I. 
du Pont de Nemours and Company, Inc., through the courtesy of 
Dr. H. A. Lubs and Dr. D. E. Kvalnes. Compounds 1,? 2, 4, 7, 8, 
15, and 17 were prepared or purified from the commercial base or 
salt before use, Compounds 1, 6, 8, and 9 were from the Eastman 
Kodak Company, and Compound 5 was synthesized by us. 

On the basis of rapidity and sensitivity only five compounds 
(Nos. 2, 3, 5, 7, and 8) offer improvement over N , N-dimethyl- 
l-naphthylamine (No. 1). Of these, Compounds 7 and 8 are 
eliminated because they yield precipitates with diazotized 1 mg. 
per cent sulfanilamide. Compound 3 is eliminated because of 
the considerable influence of pH on rapidity of coupling, leaving 
only Compounds 2 and 5 for consideration. Compound 2 is very 
difficult to purify, and possesses no definite physical properties 
to aid in its characterization. It is to be expected that different 
batches of the compound would show considerable variation in 
purity, and the lack of reproducibility would render it unsuitable 
for use in the method. Compound 5, N-(1-naphthyl)ethylenedi- 
amine dihydrochloride may be readily prepared in a state of high 
purity. Its coupling is very rapid and uninfluenced by pH in the 
range of 1 to2. This range of pH has no effect on the color of the 
dye, and the dye is more soluble in this range than that from any 
other coupler we have examined. 


Preparation and Purification of N-(1-Naphthyl)Ethylenediamine 
Dihydrochloride 


No adequate chemical description was given by Newman (10, 
11) who first prepared this compound through the Gabriel syn- 
thesis. Therefore, the following modifications of Newman’s 
synthesis and a rather detailed characterization of the compound 
seem justified. 

B-(1-Naphthylamino) Ethylphthalimide—This was prepared by 
essentially the procedure of Newman, except that 2.5 moles of 
l-naphthylamine to 1 mole of 8-bromoethylphthalimide were 
used, and the product was recrystallized from glacial acetic acid. 


* This sample of dimethyl-a-naphthylamine was a pure sample which 
had been aerated 30 minutes at 267° (3), and distilled at reduced pressure. 
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The yield was 68 to 78 per cent of theory. If desired, half the 
1-naphthylamine in the synthesis may be replaced by an equivalent 
amount of sodium bicarbonate, resulting in a yield of 55 to 60 
per cent. 

The product is extensively soluble in hot glacial acetic acid, 
benzene, and ethyl acetate, moderately in alcohol. It is moder- 
ately soluble in cold ethyl acetate and benzene, fairly soluble in 
alcohol, and slightly soluble in ether. It crystallizes from acetic 
acid in greenish yellow, thin, irregular plates, m. p. 165.3-165.7°. 
(A second recrystallization from this solvent with the addition of 
activated charcoal yields a golden yellow product.) 

Hydrolysis of 8-(1-Naphthylamino)Ethylphthalimide—The use 
of ordinary hydrolytic agents, even fuming hydrochloric acid as 
employed by Newman, results in poor yields. Either of the fol- 
lowing two methods may be employed. 

(a) By Fused Sodium Hydroxride—f-(1-Naphthylamino)eth- 
ylphthalimide was ground intimately with an equal weight of 
solid sodium hydroxide, and the mixture was distilled rapidly at 
10 to 20 mm. pressure. The mass melted at 160°, an oily yellow 
distillate passed over at 200-300°, and the distillation was dis- 
continued when the residue began to char at 340°. The distillate 
was extracted with the calculated amount of 0.05 n hydrochloric 
acid (stronger acid yielded a turbid extract), and after the material 
was decolorized with charcoal, the base was liberated with excess 
sodium hydroxide, taken up in benzene, and dried over solid 
sodium hydroxide. Upon distilling off the solvent and taking up 
the base in a little alcohol, the calculated amount of hot alcoholic 
picric acid was added and the solution was cooled. The red- 
brown picrate was recrystallized from 6 N acetic acid (or 95 per 
cent alcohol), and precipitated as tiny red octahedra in 40 to 70 
per cent yield. Its melting point is not sharp, and depends upon 
the rate of heating: placed at 222° into a fairly rapidly rising bath, 
m.p. 227-228° with decomposition; in a more slowly heated bath, 
m.p. 225-226° with decomposition. 

CisHy;N,O7. Calculated. C 52.02, H 4.13, N 16.87 
Found. “ 52.21, “ 4.12, “ 16.82 


Smaller still charges (8 to 10 gm.) gave higher yields, probably 
due to the lower heat gradient in the mass. Larger batches (60 
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to 70 gm.) gave lower yields because of a side reaction involving 
scission of the side chain to yield 1-naphthylamine, whose picrate 
may be obtained from the alcoholic picric acid mother liquor by 
addition of 5 volumes of water. In one experiment with 0.0994 
mole of 8-(i-naphthylamino)ethylphthalimide, 0.0398 mole of 
N-(l-naphthyl)ethylenediamine picrate and 0.0124 mole of 
l-naphthylamine picrate were obtained. 

Liberation of Base—The picrate was suspended in warm water, 
treated with sodium hydroxide in slight excess, and the liberated 
N-(1-naphthyl)ethylenediamine was taken up in benzene and 
dried over solid sodium hydroxide. The dihydrochloride may be 
prepared by bubbling dry hydrogen chloride into the benzene 
solution, or the solvent may be evaporated and the base distilled 
under reduced pressure. 

(b) By Hydrazine—Refluxing 8-(1-naphthylamino)ethylphthal- 
imide in alcoholic suspension for 2 hours with hydrazine hydrate, 
followed by addition of excess hydrochloric acid and continuation 
of refluxing for 1 hour, results in an 85 to 90 per cent yield of fairly 
pure N-(l-naphthyl)ethylenediamine dihydrochloride. The pro- 
cedure was essentially that of the general method of Ing and 
Manske (12). Substitution of the hydrazine hydrate by an 
equivalent amount of hydrazine acid sulfate, sodium carbonate, 
and a minimal amount of water gave a more nearly pure product 
in slightly lower yield (70 to 80 per cent). 

Properties of N-(1-Naphihyl)Ethylenediamine—The base is a 
straw-yellow, viscous liquid with an odor resembling that of the 
alkyl naphthylamines; the boiling point is 204° at 9 mm., about 
320° with decomposition at 760 mm.; n® = 1.6648; d?> = 1.114. 
The solubility in water is about 0.2 gm. in 100 cc. at 25°, more 
soluble in hot than in cold water; the pH of a saturated aqueous 
solution is 10.5. The base is readily soluble in the common or- 
ganic solvents, except petroleum ether. It distils very poorly 
with steam, even from concentrated alkali. 

Salts of Base—The dihydrochloride is prepared by introducing 
dry hydrogen chloride into a solution of the base in benzene or 
ether, or by dissolving the base in excess hot 6 N hydrochloric 
acid. Recrystallized from 6 N hydrochloric acid, it precipitates 
in long colorless hexagonal prisms. Use of activated charcoal 
is of advantage in obtaining a perfectly white preparation. We 
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were unable to dry the dihydrochloride without loss of a little 
hydrogen chloride, which resulted in a poor analysis. A mixture 
of the mono- and dihydrochlorides is perfectly satisfactory for 
use in the method, but it is, of course, advantageous to strive for 
a pure dihydrochloride in order that the melting point may serve 
in identification and control of purity. For this reason, the excess 
mother liquor should be removed by pressing between filter paper 
and the bulk of the remaining water should be removed in vacuo 
or by air drying. The last traces of water are removed by heating 
briefly at 110° and transferring while still warm to a vacuum 
desiccator. M.p. (placed at 184° in a fairly rapidly rising bath) 
188-190°. If the dihydrochloride is distilled at reduced pressure, 
a product is obtained which melts at 231-232° with slight de- 
composition, and is probably the monohydrochloride. The 
dihydrochloride is easily soluble in 95 per cent alcohol, dilute 
hydrochloric acid, and hot water; it is rather difficultly soluble in 
cold water, acetone, and absolute alcohol. 


CizHieN2Cl,. Calculated. C 55.58, H 6.23, N 10.82, Cl 27.37 
Found. “ 55.52, “ 6.20, “ 10.41, “ 26.81 


Prolonged drying of the analytical sample at 110° raised the de- 
termined nitrogen to 11.60 per cent and lowered the halogen to 
18.76 per cent. 

The zine chloride and mercuric chloride salts and the acid sulfate 
were prepared but the first is too soluble, and the melting points 
of the latter two too high, to be of use in purification or identifica- 
tion of the base. 

Determination of Sulfanilamide in Blood and Urine 

Reagents*— 

1. A solution of trichloroacetic acid containing 15 gm. dissolved 
in water and diluted to 100 cc. 

2. A 0.1 per cent solution of sodium nitrite. 

3. An aqueous solution of N-(l-naphthyl)ethylenediamine 
dihydrochloride containing 100 mg. per 100 ce. This solution 
should be kept in a dark colored bottle. 

4. A solution of saponin containing 0.5 gm. per liter. 


*The reagents can be obtained from LaMotte Chemical Products 
Company, Baltimore. 
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5. 4.n hydrochloric acid. 

6. A solution of ammonium sulfamate, containing 0.5 gm. per 
100 ce. 

7. A stock solution of sulfanilamide in water containing 200 
mg. per liter. This solution can be kept for several months in the 
ice box. The most convenient standards to prepare from the 
stock solution are 1, 0.5, and 0.2 mg. per cent. To prepare these 
5, 2.5, and 1 ce. of the stock solution plus 18 cc. of the 15 per cent 
solution of trichloroacetic acid are diluted to 100 ce. 

Procedure for Blood*—2 cc. of oxalated blood are measured into 
a flask and diluted with 30 cc. of saponin solution, and after 1 or 
2 minutes precipitated with 8 cc. of the solution of trichloroacetic 
acid. The free sulfanilamide is determined in the filtrate as fol- 
lows: 1 ec. of the sodium nitrite solution is added to 10 cc. of the 
filtrate. After 3 minutes standing, 1 cc. of the sulfamate solution 
is added, and after 2 minutes standing, 1 cc. of the solution of 
N-(1-naphthyl)ethylenediamine dihydrochloride is added. The 
unknown is compared with an appropriate standard which has 
been treated asabove. This comparison can be made immediately 
and no change in color is observed for 1 hour or more. To deter- 
mine the total sulfanilamide, 10 cc. of the filtrate are treated with 
0.5 ec. of 4 N hydrochloric acid, heated in a boiling water bath 
for 1 hour, cooled, and the volume adjusted to 10 ce. The sub- 
sequent procedure is as stated above for determining free sul- 
fanilamide. 

Procedure for Urine—Protein-free urine is diluted to contain 
about 1 to 2 mg. per cent of sulfanilamide and 50 cc. of the diluted 
urine plus 5 cc. of the 4 N hydrochloric acid are diluted to 100 ec. 
10 ec. of the product of this second dilution are treated as a blood 
filtrate for free sulfanilamide, and 10 cc. heated without further 
addition of acid for total sulfanilamide. If the urine contains 
protein, it is diluted and treated by the procedure for blood. 

Photoelectric Colorimeter—When a photoelectric colorimeter is 
available, dilutions of blood of 1:50 or 1:100 can be used. The 
blood is diluted with water (saponin is unnecessary), allowed to 
stand a few minutes, and precipitated with trichloroacetic acid 
solution, with a volume which is one-fifth that of the final mixture. 


‘Sample and reagent volumes can be proportionately reduced to give 
the minimal amount of filtrate necessary for an accurate color comparison. 
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This allows the use of 0.1 or 0.2 cc. samples of blood which are 
measured with washout pipettes. Determinations on urine or 
other body fluids are easily made after appropriate dilution. The 
reagent blank on distilled water is quite low, but increases with 
time if the solution is left in the light. For this reason, solutions 
to be read in the photoelectric colorimeter should be protected 
from light unless the reading is made immediately. Some re- 
action occurs between the trichloroacetic acid and the N-(1- 
naphthyl)ethylenediamine, since solutions acidified with hydro- 
chloric acid do not show an increased color on exposure to light. 
The blood blank is extremely low and negligible for most purposes. 
With a 1:50 dilution of human blood the correction due to the 
blood blank varies from 0 to 0.03 mg. per cent. This blank can 
be easily determined by performing an analysis as usual except 
that water is substituted for the sodium nitrite solution. When 
small concentrations of sulfanilamide are to be determined or 
when a foreign dye such as prontosil or neoprontosil is present, 
this procedure is quite useful. The color of the normal urinary 
pigments can be conveniently corrected for by the same procedure. 

When only a very small amount of blood is available, as in the 
case of small animals such as mice, a determination can be made 
with considerable accuracy on 0.02 cc. The adaptation is essen- 
tially that described by Marshall and Cutting (13), the dilution 
of blood being 1:200 or 1:400, depending on the concentration of 
sulfanilamide present. The proportion of reagents used is the 
same as in the other adaptations of the method. Centrifugation 
before filtration of the protein precipitate is useful in securing the 
maximum amount of filtrate.’ 

In using a photoelectric colorimeter a filter is essential. With 
dimethyl-a-naphthylamine the peak of the absorption of the 
azo dye formed occurs at 530 my (14). When N-(1-naphthyl)- 
ethylenediamine is used, the peak of absorption is shifted to 
545 my, and the dyes from sulfapyridine and N'-ethanolsulfanil- 
amide show the same absorption peak. In Fig. 1 is reproduced an 
absorption curve of the azo dye from sulfanilamide. We wish 


‘For these dilutions (1 : 200 or 1 : 400, a photoelectric colorimeter of 
high sensitivity, designed and constructed by Dr. Morris Rosenfeld of 
this department, was used. A description of this instrument will be 
published. 
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to thank Dr. Elizabeth E. Painter of the Department of Physi- 
ology, Columbia University, New York, for these absorption data. 

Blood Dilution and Recovery—When a 1:4 dilution of blood is 
used as suggested in Fuller’s method (15) and in Proom’s (6) 
adaptation of our method, a result 10 per cent too low may be 
obtained. Sulfanilamide was added to three samples of mixed 
human blood to give about 10 mg. per cent, and determinations 
made with various dilutions for precipitation. The filtrates were 
diluted when necessary to read with the photoelectric colorimeter. 
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Fic. 1. Absorption curve of dye from coupling diazotized sulfanilamide 
with N-(1-naphthy]l )ethylenediamine. 
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Average percentage recoveries were for the 1:4 dilution 90.0, 
for the 1:10 dilution 94.3, for the 1:20 dilution 96.9, and for the 
1:50 dilution 99.5. Determinations on other samples of blood 
with added sulfanilamide gave similar recoveries for the 1:20 
and 1:50 dilutions. 

With acetylsulfanilamide recovery is not complete in a 1:20 
dilution of blood (about 90 per cent) but is complete in a 1:50 
dilution. A series of eight bloods to which varying amounts of 
acetylsulfanilamide were added gave recovery of 97.6 per cent 
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(96.2 to 99.2) with the dimethyl-a-naphthylamine reagent in a 
1:50 dilution. Since experiments show that solutions of pure 
acetylsulfanilamide give theoretical results when hydrolyzed 
with hydrochloric acid and estimated by use of the new coupling 
component, no recoveries of the acetyl compound with the new 
reagent were made. 

The accidental errors of the method can be best illustrated by 
some determinations made with the photoelectric colorimeter. 
Sulfanilamide was added to a sample of mixed human blood and 
fifteen determinations were made on the sample, 0.5 cc. of blood 
(measured with a syringe pipette) being used each time in a 1:50 
dilution. The mean value in mg. per cent was 4.888 + 0.039 
with a maximum deviation of 0.113. 

Protein Precipitation—Precipitation of the blood proteins with 
trichloroacetic acid has been adopted in place of p-toluenesulfonic 
acid for the following reasons: trichloroacetic acid of constant 
quality and purity can be obtained much more readily than can 
toluenesulfonic acid, no difficulty is experienced in determining 
total sulfanilamide in a trichloroacetic acid blood filtrate when the 
excess nitrite is destroyed (8), and the blood blank given with 
trichloroacetic acid is much less than that obtained when toluene- 
sulfonic acid is used. The last mentioned advantage is of great 
importance when a photoelectric colorimeter is used, as the blank 
obtained on human blood with trichloroacetic acid can usually be 
neglected but must be taken into account when a toluenesulfonic 
acid filtrate is used. 

Body Fluids Other Than Blood and Urine—No difficulty has 
arisen in estimating sulfanilamide and its acetyl derivative in 
other body fluids by the same procedure as used for blood. When 
tissues are to be analyzed, it appears desirable to extract the 
ground tissue in a Soxhlet apparatus with a limited amount of 
alcohol, dilute an aliquot portion of the extract with water, and 
proceed as in blood, with a photoelectric colorimeter. This is 
a simpler and less laborious method than the one previously used 
for tissues (16). 

Sulfanilamide Derivatives—As previously indicated (3), our 
method can be used for determining diazotizable primary aryl 
amines containing either a free amino group or a blocked amino 
group which can be freed by hydrolysis. In the limited experi- 
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ence which we have had in applying our method to the estimation 
of compounds other than sulfanilamide, three points of importance 
can be mentioned. With a very difficultly soluble substance, the 
recovery in the blood filtrate is generally not quantitative unless 
high dilutions (1:100 or greater) are used, so that either one must 
use such dilution or must resort to the original alcohol precipita- 
tion method (1). In the latter case, ammonium sulfamate is 
used to destroy excess nitrite and N-(1-naphthyl)ethylenediamine 
dihydrochloride is used as a coupling component. With certain 
derivatives, the azo dyes formed will not be acid-soluble and a 
certain amount of alcohol must be added with or just before the 
coupling component. With some substances buffering is necessary 
to obtain sufficient speed of coupling (e.g., aniline). 

In the determination of sulfapyridine (2-(sulfanilamido)- 
pyridine) with the present method, the following may be men- 
tioned. To a sample of mixed human blood sulfapyridine was 
added to make about 10 mg. per cent. Precipitation in a 1:4 
dilution gave 80.8 per cent recovery, in a 1:20 dilution 93.7 per 
cent, and in a 1:50 dilution 99.4 per cent. A number of other 
experiments indicate incomplete recovery (average 91 per cent) 
in 1:20 dilution with 5 to 10 mg. per cent in blood, but essentially 
complete with values below 5 mg. per cent. With a 1:50 or 
greater dilution, recovery is quantitative. 


DISCUSSION 


We have already discussed some of the so called modifications 
of our method which have been proposed. It remains to mention 
briefly other methods which have been suggested for the determi- 
nation of sulfanilamide or allied compounds. Kiihnau (17) has 
described a method for estimating N*sulfanilyl-N', N'-dimethyl- 
sulfanilamide by the color produced with dimethylaminoben- 
zaldehyde, and Schmidt (18) one for sulfanilamide, with the color 
produced by sodium §-naphthoquinone-4-sulfonate. We have 
had no experience with either of these. Scudi (19) has described 
a diazotization procedure, followed by neutral coupling with 
chromotropic acid, while Doble and Geiger (20) used diphenylam- 
ine as an acid coupling agent. Neither of these latter methods 
appears to be as satisfactory as the method we have described. 

With a new compound, a few preliminary trials should indicate 
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(96.2 to 99.2) with the dimethyl-a-naphthylamine reagent in a 
1:50 dilution. Since experiments show that solutions of pure 
acetylsulfanilamide give theoretical results when hydrolyzed 
with hydrochloric acid and estimated by use of the new coupling 
component, no recoveries of the acetyl compound with the new 
reagent were made. 

The accidental errors of the method can be best illustrated by 
some determinations made with the photoelectric colorimeter. 
Sulfanilamide was added to a sample of mixed human blood and 
fifteen determinations were made on the sample, 0.5 ec. of blood 
(measured with a syringe pipette) being used each time in a 1:50 
dilution. The mean value in mg. per cent was 4.888 + 0.039 
with a maximum deviation of 0.113. 

Protein Precipitation—Precipitation of the blood proteins with 
trichloroacetic acid has been adopted in place of p-toluenesulfonic 
acid for the following reasons: trichloroacetic acid of constant 
quality and purity can be obtained much more readily than can 
toluenesulfonic acid, no difficulty is experienced in determining 
total sulfanilamide in a trichloroacetic acid blood filtrate when the 
excess nitrite is destroyed (8), and the blood blank given with 
trichloroacetic acid is much less than that obtained when toluene- 
sulfonic acid is used. The last mentioned advantage is of great 
importance when a photoelectric colorimeter is used, as the blank 
obtained on human blood with trichloroacetic acid can usually be 
neglected but must be taken into account when a toluenesulfonic 
acid filtrate is used. 

Body Fluids Other Than Blood and Urine—No difficulty has 
arisen in estimating sulfanilamide and its acetyl derivative in 
other body fluids by the same procedure as used for blood. When 
tissues are to be analyzed, it appears desirable to extract the 
ground tissue in a Soxhlet apparatus with a limited amount of 
alcohol, dilute an aliquot portion of the extract with water, and 
proceed as in blood, with a photoelectric colorimeter. This is 
a simpler and less laborious method than the one previously used 
for tissues (16). 

Sulfanilamide Derivatives—As previously indicated (3), our 
method can be used for determining diazotizable primary aryl 
amines containing either a free amino group or a blocked amino 
group which can be freed by hydrolysis. In the limited experi- 
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ence which we have had in applying our method to the estimation 
of compounds other than sulfanilamide, three points of importance 
can be mentioned. With a very difficultly soluble substance, the 
recovery in the blood filtrate is generally not quantitative unless 
high dilutions (1:100 or greater) are used, so that either one must 
use such dilution or must resort to the original alcohol precipita- 
tion method (1). In the latter case, ammonium sulfamate is 
used to destroy excess nitrite and N-(1-naphthyl)ethylenediamine 
dihydrochloride is used as a coupling component. With certain 
derivatives, the azo dyes formed will not be acid-soluble and a 
certain amount of alcohol must be added with or just before the 
coupling component. With some substances buffering is necessary 
to obtain sufficient speed of coupling (e.g., aniline). 

In the determination of sulfapyridine (2-(sulfanilamido)- 
pyridine) with the present method, the following may be men- 
tioned. To a sample of mixed human blood sulfapyridine was 
added to make about 10 mg. per cent. Precipitation in a 1:4 
dilution gave 80.8 per cent recovery, in a 1:20 dilution 93.7 per 
cent, and in a 1:50 dilution 99.4 per cent. A number of other 
experiments indicate incomplete recovery (average 91 per cent) 
in 1:20 dilution with 5 to 10 mg. per cent in blood, but essentially 
complete with values below 5 mg. per cent. With a 1:50 or 
greater dilution, recovery is quantitative. 


DISCUSSION 


We have already discussed some of the so called modifications 
of our method which have been proposed. It remains to mention 
briefly other methods which have been suggested for the determi- 
nation of sulfanilamide or allied compounds. Kiihnau (17) has 
described a method for estimating N*-sulfanilyl-N', N'-dimethyl- 
sulfanilamide by the color produced with dimethylaminoben- 
zaldehyde, and Schmidt (18) one for sulfanilamide, with the color 
produced by sodium #-naphthoquinone-4-sulfonate. We have 
had no experience with either of these. Scudi (19) has described 
a diazotization procedure, followed by neutral coupling with 
chromotropic acid, while Doble and Geiger (20) used diphenylam- 
ine as an acid coupling agent. Neither of these latter methods 
appears to be as satisfactory as the method we have described. 

With a new compound, a few preliminary trials should indicate 
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what slight modification of the method, if any, is necessary to 
determine it accurately. However, we must caution investigators 
against accepting results with a new compound until control 
recoveries from blood and urine have been made. 


SUMMARY 


In the determination of sulfanilamide by diazotization and 
coupling in acid solution, the use of N-(1-naphthyl)ethylenediam- 
ine dihydrochloride offers the following advantages over N ,N- 
dimethyl-l-naphthylamine (dimethyl-a-naphthylamine): (1) re- 
producibility and purity, (2) greater rapidity of coupling, (3) 
increased sensitivity, (4) elimination of buffer, and (5) increased 
acid solubility of the azo dye formed. An improved synthesis 
and a complete characterization of the new coupling component 
is presented. Slight modification of previous technique and ap- 
plication to other primary aryl amines are described. 


BIBLIOGRAPHY 


1. Marshall, E. K., Jr., Emerson, K., Jr., and Cutting, W. C., J. Am. 
Med. Assn., 108, 953 (1937). 

2. Marshall, E. K., Jr., Proc. Soc. Exp. Biol. and Med., 36, 422 (1937). 

3. Marshall, E. K., Jr., J. Biol. Chem., 122, 263 (1937-38). 

. MacLachlan, E. A., Carey, B. W., and Butler, A. M., J. Lab. and Clin. 
Med., 23, 1273 (1938). 

5. Stevens, A. N., and Hughes, E. J., J. Am. Pharm. Assn., 27, 36 (1938). 

6. Proom, H., Lancet, 1, 260 (1938). 

7. Kamlet, J., J. Lab. and Clin. Med., 23, 1101 (1938). 

8. Marshall, E. K., Jr., and Litchfield, J. T., Jr., Science, 88, 85 (1938). 

9. Hecht, G., Dermat. Woch., 106, 20 (1938). 

10. Newman, H. E., Ber. chem. Ges., 24, 2199 (1891). 

11 

12 

13 


_ 


. British patent 247,717, June 29, 1925. 
. Ing, H. R., and Manske, R. H. F., J. Chem. Soc., 2348 (1926). 
. Marshall, E. K., Jr., and Cutting, W. C., Bull. Johns Hopkins Hosp., 
63, 328 (1938). ‘ 
14. Gregersen, M. I., and Painter, E. E., Am. J. Physiol., 123, 83 (1938). 
15. Fuller, A. T., Lancet, 1, 194 (1937). 
16. Marshall, E. K., Jr., Emerson, K., Jr., and Cutting, W. C., J. Pharma- 
col. and Exp. Therap., 61, 196 (1937). 
17. Kihnau, W. W., Klin. Woch., 17, 116 (1938). 
18. Schmidt, E. G., J. Biol. Chem., 122, 757 (1937-38). 
19. Scudi, J. V., J. Biol. Chem., 122, 539 (1937-38). 
20. Doble, J., and Geiger, J. C., J. Lab. and Clin. Med., 23, 651 (1938). 











tratic 








THE SURVIVAL OF CATHEPSIN IN AUTOLYSIS* 
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One of the fundamental observations on tissue autolysis was 
that acid increased not only the speed of hydrolysis, as indicated 
by the slope of the digestion curve, but also the amount of hydrol- 
ysis, as indicated by the height attained at equilibrium. Thus 
in a liver pulp at pH 7.5 about 25 per cent of the total protein 
is dissolved. At pH 4 about 90 per cent goes into solution, and 
the residue is made up of the connective tissue stroma of the 
gland, which is not digested by cathepsin under any circum- 
stances. We have interpreted the small digestion at pH 7.5 as 
indicating the relatively small mass of substrate available at 
that pH, while the complete proteolysis at pH 4 indicates that 
all the tissue proteins are available, except the stroma. The 
actual substrate we believe to be the protein cation (1-4), or 
possibly the isoelectric protein molecule (5). The validity of the 
interpretation, however, rests upon the maintained activity of 
cathepsin. 

Very few data exist on the survival of cathepsin. In our earlier 
studies it was found active after 3 weeks at the reaction of the 
liver pulp, at about pH 6.2. If such a digest were made slightly 
acid, digestion was at once resumed (6). At pH 2.5 cathepsin is 
rather rapidly destroyed (7). This observation has been con- 
firmed recently by Anson (8), using a purified cathepsin prepara- 
tion and hemoglobin as substrate. He also showed that cysteine 
prolongs the activity of cathepsin in acid solutions. The fact, 
as also shown by Anson, that gelatin is not digested by cathepsin 
but by other members of the proteolytic system present in tissues 


* This work was facilitated by the assistance of Works Progress Adminis- 
tration funds of the University of Wisconsin. 
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invalidates certain of our own earlier conclusions on the survival 
of cathepsin, and at the same time indicates that much of the 
European work upon that enzyme must be revised (5, 9-11). 

Since interpretations of autolysis figures obtained on whole 
tissue digests have been based upon the assumption of enzyme 
survival, it seems desirable to reinvestigate this point. It is clear 
that the rapid destruction of the enzyme may be quite as impor- 
tant in producing an apparent equilibrium in a digest as lack 
of substrate. 


Procedure 


Freshly killed pig liver was ground to the consistency of thick 
cream, and diluted to make 20 per cent of the final digest, in which 
5 per cent by volume of toluene was present. A liter of such a 
mixture constituted one of a series of primary digests, set approxi- 
mately at the following pH levels: 2.0, 2.5, 3.0, 4.0, 5.0, 6.0, 7.0, 
8.0, and 9. The pH levels of these primary digests were checked 
at frequent intervals and readjusted when necessary so as to 
maintain the original H ion concentration throughout autolysis. 
Primary digestion is represented in Figs. 1 to 5 by the continu- 
ous curves. 

Secondary digests were made up by removing 95 cc. of the pri- 
mary digests and adding 5 cc. of 13 per cent hemoglobin solution. 
All secondary digests were adjusted to pH 4, and maintained at 
that value throughout the course of the secondary digestion. An 
initial secondary digest was made up at once; the others at inter- 
vals of 1, 3, 5, 10, 20, and 30 days. Secondary digests are repre- 
sented by broken curves. 

Samples were taken at the start and at intervals thereafter 
and precipitated with an equal volume of 10 per cent trichloro- 
acetic acid. Soluble nitrogen and reactive tyrosine were deter- 
mined in the protein-free filtrates as the measure of digestion. 
Only the data on soluble nitrogen are presented, since they give 
the most direct evidence of digestion. The tyrosine figures 
paralle! closely those of the nitrogen and confirm all of the impor- 
tant features of the latter. 

It will be noted that all primary digests were identical in their 
gross substrate content, and all of the secondary digests were 
identical both in substrate and the pH at which they were 
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maintained. Primary and secondary digests differed only in the 
substitution of 5 cc. of 13 per cent hemoglobin for 5 cc. of 20 per 
cent liver pulp per 100 cc. of total digest, and in the pH. 

We have selected a few typical curves to illustrate the general 
conclusions which can be drawn from this study. 

Fig. 1 represents the extent of digestion in the primary series 
at various times, as related to pH. It is a typical picture of 
catheptic activity of the liver, and with minor changes in the shape 
of the curves represents other tissues as well. It is interesting 
to note the gradual shift of the maximum from left to right as 
digestion continues, and the broadening of the zone of maximum 
autolysis; the rapid falling off of autolysis on the acid side com- 
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Fic. 1. Liver autolysis related to pH 


pared to the gradual decrease on the alkaline side of the maximum. 
The data will show that the failure to digest to the maximum on 
the acid side is due in part at least to enzyme destruction, which 
at pH 2 is immediate. On the alkaline side destruction is rela- 
tively slow and is of less importance in determining the shape of 
the curve. 

At pH 2.42 cathepsin grows inactive fairly rapidly (Fig. 2). 
There is some activity at the end of 3 days; none at the end of 5. 
Leveling off of the primary digestion at a height below that attained 
in less acid autolysis appears to be determined primarily by the 
loss of enzyme activity. 

Autolysis at pH 3.0 (Fig. 3)—Digestion starts rapidly at this 
pH, and levels off 50 per cent above the autolysis at pH 2.5, but 
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conditions. The enzyme is abundant at the end of 30 days, 
though some loss of activity has occurred. During the first 10 
days autolysis, the secondary curves show evidence of enzyme 
increase as a result of the process. This production of more 
enzyme during autolysis appears to be in harmony with the 
observations of Willstatter (12, 13), who described cathepsin in 
the tissues in two forms, “lyo” and “‘desmo.”” The “lyo’’ form 
is dispersed and may be extracted from the tissue at once. The 
“desmo”’ form is fixed in the tissue, but by autolysis is eventually 
dispersed, and is then indistinguishable from the “lyo’’ form. 
The final leveling off of the primary digest at this pH is attribut- 






Ng SOL. NITROGEN 
wm oN Ww 


CC OF 
N 


02 5 0 20 JO 40 
DAYS 


Fic. 4. Cathepsin survival at pH 3.85 


able to the complete solution of all the liver proteins present, 
with the exception of the stroma residues. 

The series at pH 5 presents much the same features as that at 
pH 4. Survival is rather better than in the more acid digest. 
The same increase of cathepsin is found as autolysis proceeds. 
The initial rate of digestion is considerably slower at pH 5 than 
at pH 4. This is evident in the 24 hour curve in Fig. 1. When 
autolysis is initiated at pH 4 and 5, the mass of available sub- 
strate in each is very large, and nearly equal. There is nearly 
twice as much proteolysis, however, in 24 hours at pH 4 as at 
5. This would suggest that the enzyme itself is more active at 
pH 4, and so far as we are aware is the only evidence thus far 
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reported which indicates that the H ion concentration affects the 
activity of the enzyme as well as the availability of the protein. 
We shall expect to report in more detail upon this point later. | 

Autolysis at pH 6 to 9—Fig. 5 represents digestion at pH 6. 
With increasing alkalinity its general features remain the same 
but with increasing evidence of enzyme destruction. At pH 7 ‘ 
there is considerable activity remaining at the end of 30 days, ( 
though less than in the pH 6 series. At pH 8 some cathepsin 
is still present at the end of 20 days; none by the 30th. At pH 9 
cathepsin is present for 10 days at least although there is no di- 
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DISCUSSION 
The experiments reported indicate that cathepsin survives for . 
long periods in the reaction zone for optimum activity, or between 3. 
{ pH 3.5 and 5. At higher acidities the enzyme is destroyed in 4. 
i proportion to the acidity, and the enzyme itself becomes the 5. 
limiting factor which determines the height of digestion attained. 
. > 6. 
In autolyses more alkaline than pH 5 the enzyme is slowly de- 7 
{ stroyed, but until high alkalinities are reached, the diminishing “9 
} mass of enzyme does not appear to be the factor which limits 9. | 
Hy digestion. Lack of available substrate, that is when the pro- 10. | 
. tein exists chiefly in the form of base protein salt or the protein u 
. anion, is the explanation which has been given to this phenom- 12. J 
H enon (3). It is also probable that the activity of the enzyme 13. \ 
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itself is conditioned by the pH of the medium, in the sense that at 
pH 7 there is less active cathepsin present than at pH 4. The 
smaller the mass of enzyme present, the smaller the mass of cleav- 
age products required to inhibit its activity. So far as we are 
aware there are no data which yet clearly indicate whether the 
effect of increased H ion activates the enzyme or the substrate 
or both. 


SUMMARY 


1. Reactions more acid than pH 3 lead to rapid destruction of 
liver cathepsin. At pH 2 the enzyme is destroyed at once. 

2. From pH 3.5 to 5 cathepsin maintains its activity for several 
weeks. 

3. In solutions more alkaline than pH 5 there is gradual inac- 
tivation in proportion to the alkalinity. Even at pH 8 some 
activity remains at the end of 10 days. 

4. Cessation of proteolysis in digests more acid than 3.5 is 
determined by failure of the enzyme rather than lack of sub- 
strate. At the optimum pH zone digestion in the sense of prote- 
olysis is complete and includes all the liver proteins except con- 
nective tissue stroma. 

5. On the alkaline side of pH 4, equilibria appear to be deter- 
mined by the mass of available substrate, though reduction in 
enzyme activity by low H ion concentration has not yet been 
adequately ruled out. 
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The importance of vitamin A for normal growth has led to 
its use by some workers (1) in an attempt to influence the growth 
of neoplasms. The present authors (2) have shown, however, 
that transplants of Flexner-Jobling rat carcinoma and R-39 rat 
sarcoma contain no detectable amounts of vitamin A, even though 
large amounts of it were found stored in the hepatic tissues of 
the hosts. Since the transplants were not situated close to the 
liver and because the tumors themselves did not originate in that 
organ, it was decided to study the vitamin A content of primary 
tumors developing in tissues naturally rich in the vitamin. 

The experiments of Yoshida (3), the results of which are also 
to be found in a report by Sasaki and Yoshida (4), demonstrated 
that 2-amino-5-azotoluene (0-amidoazotoluene) regularly pro- 
duces hepatomas in rats. Zylbersac (5) was able to confirm these 
results and the work of Nishiyama (6) and Shear (7) gave further 
confirmation of the carcinogenic action of the dye in mice. Such 
liver cell tumors seemed ideal for the work that was contemplated 
and the compound was therefore used in the following experiments. 


EXPERIMENTAL 


A group of 130 white rats each weighing from 30 to 50 gm. was 
fed the ordinary commercial chow for laboratory animals to 
which had been added 0.1 per cent 2-amino-5-azotoluene. A 
control group of forty rats of approximately the same age and 
weight was kept under similar conditions and on the same diet 
except for the dye. Little difference was noticed between the 
two groups of animals except for the yellowish stains that dis- 
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colored the fur of the treated rats. All of them continued to gain 
weight, however, and appeared to suffer from no toxic effects of the 
dye. After 4 weeks the concentration of the dye was increased 
to 0.2 per cent, which is slightly greater than the largest concen- 
tration used by Yoshida (3). Since this proved to be somewhat 
more toxic than the former concentration, it was reduced again 
to 0.1 per cent at the end of 2 weeks. Not much change in the 
external appearance of the animals was noticed until 7 months 
had passed, when those of the treated group became unkempt and 
dull and showed a loss of hair. This became more marked during 
the following months. Its explanation probably lies in the great 
burden placed on the detoxicating mechanism by the continued 
absorption of the dye, for if such animals were given food con- 
taining no dye improvement quickly resulted. 

At intervals during the period that preceded the appearance 
of hepatic tumors two animals from each group were sacrificed by 
exsanguination, after which a careful examination was made of 
the thoracic and abdominal organs. The one constant finding of 
this pretumorous period was a very noticeable enlargement of 
the liver in the treated animals. The control rats were normal 
in all instances. After the liver had been weighed, the estimation 
of its vitamin A content was immediately begun by extracting it 
according to Moore’s method (8). The residue obtained on evapo- 
rating the ether extract was dissolved in chloroform and the vita- 
min A determined colorimetrically by both the method described 
by Rosenthal and Erdélyi (9) and a modification proposed by 
Andersen and Levine (10). Both of these methods are based 
on the reaction that vitamin A gives with a saturated solution 
of antimony trichloride in chloroform. A biologically standard- 
ized preparation of the vitamin suitably diluted with chloroform 
was used for comparison. Some of the results of the pretumorous 
period up to and including the 40th week are shown in Table I. 

In two of the treated rats that died in the 28th and 32nd week 
showing marked abdominal distention autopsy revealed marked 
thickening and some sacculation of the proximal portion of the 
large bowel. Histologic examination showed necrosis of the 
mucous membrane and a granulomatous lesion infiltrating the 
submucosa and muscularis. There was considerable hyperplasia 
of lymphoid elements but no evidence of neoplasm. 
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TaBLe I 


Vitamin A Content of Liver Tissues and Hepatomas 





Vitamin A 


5,130 
4,050 
8,455 
6, 280 
3,209 
1, 560 
9,115 
12,411 
3,150 
2,126 
7,514 
10, 205 
1,425 
5, 064 


8, 460 
11 , 236 
2,055 
7,544 


10,938 


9,214 
3,240 
9,847 


7,512 


| 11,965 


2,738 
12,175 


| 10,114 


13,251 
10, 880 
9,165 
8,744 


Vitamin 


Sc 


604" 
752* 
490* 


Remarks 





Treated; liver enlarged 


“ “ “ 


Control 

Treated; liver 13.1 gm. 
“ “ 15.3 ae 

Control 

Treated; liver 18.5 gm. 
“ “ 21 4 “ 

Control 


Hepatoma 
o rat on control diet for last 
4 wks. 
Control 
“ 
Hepatoma 
" rat on control diet for last 
7 wks. 
Control 
ae 


Hepatoma 


= rat on control diet for last 


9 wks. 
Control 


“ 


Hepatoma 
a rat on control diet for last 
10 wks. 
Control 


oe 


In experiments marked D the animal was fed 2-amino-5-azotoluene 
added to commercial animal chow; in those marked C the animal was fed 
the same chow but containing no dye. 

* Results obtained on analysis of entire tumorous lobe including liver 
tissue as well as hepatoma, for comparison with non-tumorous lobe (values 
in preceding column). 
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In the 55th week after the beginning of the experiments the 
first hepatic tumors were noticed in two rats of the treated group. 
During the 2 following months the remaining treated and control 
animals were sacrificed, the last one reaching autopsy 15 months 
after the start of the experiment. All of the twenty-eight treated 
rats that were examined subsequent to the first appearance of 
liver tumors in the 55th week showed hepatomas, the liver being 
studded at times with nodules. Enlargement of the organ was 
always found as against the normal size of the livers in the con- 
trol group. 

The liver was removed as quickly as possible and the tumors 
dissected from the surrounding liver tissues. Portions were 
reserved for histologic examination and the remainder carefully 
freed from any liver tissue that might be found adherent to the 
tumor. Estimation of the vitamin A content was begun imme- 
diately. The surrounding non-tumorous liver was separately 
analyzed for the vitamin. 

Examination of the other organs was then made for possible 
metastases or other pathology. In three instances there were 
metastases to the lungs; except for these and the hepatomas no 
others tumors were found. The external appearance of the 
hepatic tumors was smooth and the consistency was practically 
that of normal liver tissue. Hemorrhages were noticed in some; 
none was found adherent to any of the surrounding organs. 

On microscopic examination the tumors presented wide varia- 
tions in structure not only as compared with one another but 
even in different portions of the same tumor. In some instances 
the change involved only a disturbance in the size and axis of 
the liver cords producing tortuous, large celled strands. At the 
other extreme liver structure was scarcely recognizable, many 
large acidophilic, multinucleated cells in disorderly arrangement 
making up the tumor nodule. Some of these showed areas of 
necrosis, others were hemorrhagic. Definite invasion of the blood 
vessels was demonstrable in some instances. In the case of two 
tumors the structure was that of adenocarcinoma. 

Fragments of the hepatomas were transplanted subcutaneously 
into new hosts; in three cases the tumor was carried on for four 
generations of transplants. None of these showed vitamin A on 
analysis. 

In order to give the liver every opportunity to store vitamin A, 
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ten of the surviving twenty-eight rats were placed on the control 
diet which was free from dye. As this was done after 51 weeks 
of feeding the dye-containing diet, it could have had little effect 
on the development of the hepatomas, for Sasaki and Yoshida (3) 
found that tumor formation continues to go on in the liver, even 
if the ingestion of the dye was discontinued after an initial feeding 
of about 4 months. The appearance of the ten rats improved 
temporarily after they were placed on the control diet but this 
was soon offset by the effects of the growing hepatic tumors which 
were found later on autopsy. 

All of the hepatomas showed an absence of vitamin A, both in 
those animals which were kept on the dye-containing diet through- 
out and in the rats that were placed on the control diet later in 
the experiment. The non-tumorous liver tissue of the latter ani- 
mals showed, however, a much greater vitamin A content than 
the former, and in fact was comparable to the liver of the control 
rats in this respect. The vitamin A content of the neighboring 
liver tissues varied a great deal in those animals that were kept 
on the dye throughout the experiment. In one of these only 
715 vu.s.p. units per 100 gm. of liver tissue were found. Some of 
the results obtained on testing the hepatomas and the surround- 
ing liver tissues of animals which had received the dye continu- 
ously and of those which had been given it for 51 weeks are shown 
in Table I. The tumor nodules subjected to analysis were selected 
for their freedom from hemorrhage or necrosis. The importance 
of this is evident. 

In each of three animals one of the liver lobes was studded with 
tumor nodules while another lobe was found to be practically free. 
Advantage was taken of this to analyze the entire tumorous lobe 
including liver tissue and compare it with the non-tumorous lobe. 
The results showed that when the lobe was mostly made up of 
tumor tissue the vitamin A content was markedly reduced, being 
about one-tenth to nearly one-twentieth that of the non-tumorous 
lobe (Table I). All three tumorous lobes were free from necrotic 
changes. 


Comments 


The discovery of carcinogenic compounds of known chemical 
composition has given rise to much interesting work on the bio- 
logical and chemical changes brought about by their presence in 
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the tissues. The origin of the present study goes back to experi- 
ments on the effect of such a carcinogen, 1,2,5,6-dibenzan- 
thracene, on hepatic mitochondria (11). One of the results ob- 
served at that time was the rapid depletion of vitamin A brought 
about by the hydrocarbon in these cytoplasmic structures. 
Experiments were then started to correlate this finding with the 
results of Haddow, Scott, and Scott (12) and Lees (13) on the 
growth-inhibiting action of dibenzanthracene in young animals. 
It was found that the sudden and prolonged retardation of growth 
was parallelled by the rapid and continued absence of vitamin A 
from the hepatic tissues.'. The importance of vitamin A in growth 
processes made its study in rapidly growing tumors a logical 
sequence. Analysis of Flexner-Jobling rat carcinoma and R-39 
rat sarcoma showed complete absence of vitamin A although the 
hepatic tissues contained large amounts of it (2). 

Because of this finding it was decided to study the effect of 
a carcinogenic compound which produces tumors of the liver 
parenchyma itself. It was found that 2-amino-5-azotoluene 
reduces the vitamin A content of the hepatic tissues and produces 
hepatomas which show no detectable vitamin A even though the 
surrounding liver tissue may contain large amounts of it. 

It would seem from these results that some cells which are 
able to survive the vitamin A-depleting action of a carcinogen 
develop a growth pattern in which vitamin A is not an inte- 


gral part. 


SUMMARY 


1. Rats were fed a diet containing 0.1 per cent 2-amino-5- 
azotoluene for 1 year. 

2. The feeding of the dye caused a reduction of vitamin A 
content in the hepatic tissues. 

3. Analysis of the liver cell tumors which developed after 
prolonged feeding of the dye showed an absence of vitamin A. 

4. The hepatic tissues surrounding the hepatomas were able 
to store vitamin A. 
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DIURNAL VARIATIONS OF HEMOGLOBIN IN 
THE BLOOD OF NORMAL MEN 


By EARL F. McCARTHY anp DONALD D. VAN SLYKE 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, March 11, 1939) 


The occurrence of diurnal variations of hemoglobin in the 
blood of normal people has been reported by a number of ob- 
servers. Dreyer, Bazett, and Pierce (1) and Rabinowitch (2) 
have made determinations of the hemoglobin content of the 
blood of normal adults during the day and find a possible variation 
of 20 to 30 per cent of the average content. Short (3) finds a 
possible variation of 17 per cent as a result of his experiments. 
The methods employed by these investigators have not been so 
precise as those now available. The colorimetric methods used 
by Dreyer and his coworkers and by Short do not allow for the 
effect of variations in substances other than hemoglobin, such 
as lipids, which could affect the light absorption of the samples. 
Rabinowitch used the oxygen capacity method in his experiments, 
but employed an earlier and considerably less exact technique; 
also the inhalation of small amounts of CO by smokers may 
cause an appreciable alteration of the apparent hemoglobin con- 
tent. His maximum variation during the day was more than 


double that observed by us. 


Methods 


The subjects in these experiments were healthy men from 20 
to 30 years of age. They comprised laboratory technicians and 
medical students who were performing ordinary routine work. 
Blood was obtained by venipuncture from the arm veins at 2 
to 3 hour intervals throughout the day. Precautions were taken 
to avoid stasis. The hemoglobin content was estimated from 
the CO-combining capacity according to the method of Van 
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Slyke and Hiller (4). In this technique the blood sample mixed 
with water is saturated with CO in the 50 cc. chamber of the 
Van Slyke manometric apparatus. Subsequently the excess CO 
and the O, and N, extracted by the shaking are expelled from 
the chamber, and the HbCO is determined by measurement of 
the CO set free by acid ferricyanide solution. 

We used samples of 1 cc. of blood, and measured the pressure 
of the CO gas at 1 cc. volume. (A Van Slyke-Neill chamber 
calibrated at 1.0 cc., in addition to the usual 0.5 and 2.0 ce. points, 
was used.) These conditions gave a desirable combination of 
accuracy with economy of blood. The mean difference between 
duplicate analyses was 0.06 volume per cent of CO capacity. 

The CO capacity method has over the O: capacity two ad- 
vantages with respect to immunity from error. 

1. The correction for physically dissolved O, is replaced by 
a smaller and practically constant correction for physically dis- 
solved CO. According to the solubility determinations of Sen- 
droy, Dillon, and Van Slyke (5) normal blood saturated with 
air at 20° under 760 mm. of atmospheric pressure dissolves 0.70 
per cent of O2, and in blood of abnormal cell content the dissolved 
O: varies with the cell content. In comparison the correction 
for CO dissolved in the blood plus 2.5 volumes of water is only 
about 0.33 volume per cent of the blood in the technique of Van 
Slyke and Hiller, and is relatively independent of the cell content. 

2. If the blood contains any preformed CO, as from tobacco 
smoke or the exhaust of automobiles, the O2 capacity values are 
lowered, while the CO capacity is unaffected. The reason for 
this is that the CO is so strongly bound to the hemoglobin that 
agitation with air for the periods ordinarily used fails to replace 
the HbCO entirely with HbO,. The O, subsequently determined 
in such a case therefore does not indicate all the Hb present. 
That the amount of CO in the blood of modern man can suffice 
to lower significantly the O, capacity values is indicated by the 
data on p. 112 of Enghoff’s (6) monograph. He found QO, ca- 
pacities significantly lower than CO capacities in the bloods 
of seventeen out of 168 subjects; in these seventeen subjects 
the CO capacity exceeded the O, capacity by from 0.4 to 1.7 
volume per cent. 
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TABLE I 
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Hemoglobin Concentrations of Normal Young Men at Different Hours 


of the Day 





Ce.CO capacity for 100 cc. blood 


Bubjest 9 | Average 
a.m. | a.m. Pm. p.m. | p.m. | p.m. a. 

| 

| 





W.D. 20.6320. 99.20. 88 20.79'19.68119.19. 20.39 
G.M.  20.0319.00 19.26 19.24118.9318.46 19.16 
F. W. 2032.20.02 19.9219.6118.9519.52 19.73 
J. K. 18.84 19.97 18.82 19.27)18.1218.45 18.92 
F. R. 19.62/19.73 20.13 20.19/19. 3020.75 19.97 
H. G. T.* |17.21)16.67 17.16 17.01/17. 08 16. 70 16.99° 
F.B. _|19.88.19.45 19.90. 18.8919.21/18.86 19.38 
J. F. (20.77/20. 88 20. 47 21 .37 20.36 20.31) 20.70 
J.M. —_—_20.56 20.72 20.50,19.92/19. 86 | 20.33 
J.B. 21 .13/20.54 21.13 20.07|21 .02:20.19) 20.68 
A.C. —_[21.63)20.33 19. 36.19. 52 19.59}19.31) 19.95 
J. 8. (20. 16/20.35 20.04/19. 53.19. 0219.22) 19.72 
F. P. 19. 38.18. 93 18.83 19.1418. 87)18.61 18.96 
R.S8 18.59 17.77 17.03 17.63 17.46 

[18.65 18.23 17.93 18.26 18.63/18.24 18.02 
D. K. 20..57:20.04 20.03 20.30 20.34 20.62 

(21.30 21 .06 20.55 20.39/20.31/20.04) 20.48 
E.J. — /20.67} [19.61 /19.67/19.43/19.69 

'20.62 20.07)19.38 19.33/19.2518.99, 19.70 
R. E. 20.24'21. 33 20.86 21.06/21. 70/2117 

21.48/21 .92 21.31/21 .41/21 .20,20.70| 21.20 
L.A. 20.78 21.35/19.95 20.81/20. 15/19.62 

19. 87 20. 00 19.63/19. -52)19.34/19.01) 20.02 
Ns viws vin ows coveteccWewdbaeiaeel | 21.20 
I sabvcews vb «dd cawtts vedeee cutee 18.02 
Se See hee | 19.86 
Standard deviation Jz D/n. fenkinilee os ‘£0.74 


Median 
for day 


20.09 
19.25 
19.62 
19.05 
20.03 
16.94* 


19.90 | 
20.84 | 
20.29 | 
21.13 | 


20.50 
19.69 
19.00 
17.81 
18.29 
20.33 
20 .67 
20.05 
19.81 
20.97 
21.31 
20.49 
19.51 


+0.50 


21.31 | 


17.81 
19.94 
+0.92 


Range 
of day 
above 
and 
below 
median 


+0.90 
+0.79 
+0.70 
+0.92 
+0.72 
+0.27 
+0.55 
+0.53 
+0.43 
+0.53 
+1.14 
+0.67 
+0.39 
+0.78 
+0.36 


+0.30) 


+0.63 
+0.62 
+0.82 


+0.73 


+0.61 
+0.87 


+1.14 
+£0.27) 


+0.64 
£0. 21) 


Range 
of day 
in per 
cent of 
median 


+4.5 
+4.1 
+3.6 
+4.8 
+3.6 
+1.6 
+2.8 
+2.5 
+2.1 
+2.5 
+5.4 
+3.4 
+2.0 
+4.4 
+2.0 
+1.5 
+3.1 
+3.1 
+4.1 
+3.5 
+2.9 
+4.2 
+2.6 


+5.4 
+1.6 
+3.2 
+1.0 


° The exceptionally low data for H. G. T. are excluded i in =aiiatinn 
means, minima, and standard deviations for ‘‘average for subject’’ and 


“median for day.”’ 


Results 


The results from eighteen subjects are shown in Table I. 


In 


thirteen of the subjects the observations covered 1 day each; in 
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five subjects observations were made on 2 separate days about 
a week apart. Fig. 1 illustrates the changes observed in the 
five subjects who provided two curves each. From Fig. 1 there 
seems to be a tendency for the blood of each subject to follow a 
daily course typical of the individual. 

The greatest range between the highest and lowest values for 
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9Ja.m. 12m. 


Fie. 1. Diurnal hemoglobin variations observed on 2 different days, 
about 1 week apart, in five young men. 


1 day was 2.3 volumes per cent of CO capacity, or 11 per cent of 
the mean value. The average range was 1.3 volumes per cent 


of CO capacity, or 6.4 per cent of the mean. 
These ranges of variation are narrower than those reported 


with earlier, and probably less exact, methods for hemoglobin 
measurement. 
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The direction of change in hemoglobin concentration during 
the day is not predictable from our data. There seems to be 
a tendency for the concentration to decrease during the waking 
hours: in 20 of the 23 days observed the hemoglobin at 11 in 
the evening was less than at 9 in the morning. The variation 
in behavior is such, however, that on a given day one could not 
predict even the direction of the change. Thus subject R. E. 
showed, from the earliest to the latest blood sample on 1 day, 
a decrease from 21.48 to 20.70, and on another day an increase 
from 20.24 to 21.17 volumes per cent. 

The mean hemoglobin content of our eighteen’subjects is repre- 
sented by 19.9 volumes per cent of CO capacity. It appears 
that most of our subjects were in the lower half of the range, 
20.7 + about 2.0, for normal men, which was estimated from 
data available in 1930 by Peters and Van Slyke (7), and has 
been confirmed recently by Enghoff’s (6) precise study, with 
the CO capacity method applied to 95 men between 18 and 59 
years of age. 


SUMMARY 


In eighteen young men hemoglobin determinations by Van Slyke 
and Hiller’s manometric CO capacity method were performed 
at intervals of 2 to 3 hours from 9 a.m. to 11 p.m. on 1 or more 
days. The accuracy is indicated by a mean difference between 
duplicate analyses of 0.06 volume per cent of CO capacity. 

The range between highest and lowest values in an individual 
through a day averaged 1.3 volumes per cent; the greatest range 
seen in any of the 23 observed days was 2.3 volumes per cent, 
equivalent to 11 per cent of the mean hemoglobin content for 
the day. Usually the hemoglobin content was lower in the 
evening than in the morning; but a subject showing this change 
on one day reversed it on another. 

The much greater ranges of diurnal hemoglobin variation re- 
ported in the past literature appear attributable to methods of 
analysis which provided a significant part of the variations. 
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THE DETERMINATION OF THE UREA IN 
CHICKEN BLOOD 


By STACEY F. HOWELL 


(From the Department of Physiology and Biochemistry, Cornell University 
Medical College, Ithaca) 


(Received for publication, February 3, 1939) 


The observation was made some 6 years ago that chickens 
were not poisoned by the parenteral injection of large quantities 
of crystalline urease, unless urea was also injected (1). However, 
rabbits were killed after urease was injected when the blood am- 
monia nitrogen reached a value of 5 mg. per 100 ec. (2). These 
observations offer sufficient evidence to make many of the values 
reported for urea nitrogen in chicken blood, shown in Table I, 
questionable. Analyses of chicken blood, when the urea is hydro- 
lyzed with crystalline urease, showed that the value for urea 
nitrogen was much lower than had been reported. According to 
Table I, there has been a gradual decrease in the values recorded 
for urea nitrogen in normal chicken blood during recent years until 
the average value of 0.7 mg. per 100 cc. of blood, as reported in 
Table II, is almost reached. The largest quantity of urea nitrogen 
found in the blood of forty-five normal chickens was 2.1 mg. per 
100 cc. and the lowest 0.0 mg. 

Since the values obtained for the urea nitrogen content of 
normal chicken blood are extremely low, errors in methods for 
the determination of blood urea can be detected by the use of 
chicken blood. While the use of chicken blood will not disclose 
errors of less than 2 mg. of urea nitrogen per 100 ec. with any 
given method, it will enable the investigator to avoid many of the 
larger errors which have appeared in publications. 

The correct determination of the quantity of urea nitrogen 
in the blood of normal chickens is of value in the study of changes 
caused by disease. It has been reported that there is no change 
in the values for blood urea nitrogen of chickens with Rous sar- 
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576 Urea in Chicken Blood 


coma (3) or with range paralysis (4), since the values obtained 
with the bloods of normal and diseased chickens were almost the 
same. However, the two normal values reported are 3.3 and 7.2 
mg. of urea nitrogen per 100 cc. as compared with the value of 
0.7 mg. reported above. While there may be some variation in 
normal values, this variation is excessive, and is probably due 
to the erroneous methods used. 

Since normal chicken blood has been found to contain very 
little urea, it was of interest to determine whether chicken blood 
contained measurable quantities of urea under pathological condi- 
tions. Definitely increased quantities were found in the blood of 


Tas.e II 
Ur rea Nitrogen Content of Blood of Normal Chickens — 


| | Average in, = ye N 








in 100 
Breed Sex | Age Re ey es 
. “| Urea 
Am- | 
| Home | ™onin te 
N 

White Leghorn Male 8 wks. | 20 1.0 | 0.6 | 0.4 
2 - | Hens, laying 1 yr. 7 1.7 | 1.0 | 0.7 
Plymouth Rock _ Male 8 wks. 4 1.5 | 1.0 | 0.5 
Rhode Island Red Be Ss" | 32 1380 F686 | if 
Cross-breed does ilyr. 10 | 2.2 | 1.0 | 1.2 
as _ Hen Bh | 1.4 | 0.8 | 0.6 
SE i ae “45 | 15 | 08 | 07 





seventeen of the forty-three diseased hens investigated. The 
blood of three of these diseased hens contained between 7.0 and 
8.0 mg. of urea nitrogen. According to the values recorded in 
Table III, the average urea nitrogen content of the blood of the 
diseased hens analyzed is 1.9 mg. per 100 cc. 

The cause of the higher urea nitrogen values found in a number 
of the diseased hens has not been determined. As the higher 
values were not found consistently in any one disease, they may 
have been due to a greater degree of development of the disease. 

The method used in the determination of urea nitrogen in 
chicken blood will be published later. Crystalline urease was 
used to hydrolyze the urea in 5 cc. of blood, since jack bean 
meal often contains sufficient preformed ammonia to cause an 
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appreciable error when the quantity of urea nitrogen is below 
1.0 mg. per 100 cc. of blood. In a few instances the presence of 
urea in the blood of diseased chickens was verified by the forma- 
tion of a precipitate when xanthydrol was added to the blood 
filtrate according to the procedure of Beattie (5). 


Tase Ill 
Urea Nitrogen Content of Blood of Diseased Hens 
The nitrogen values are expressed in mg. per 100 cc. of blood. 


Urea + 


| ammonia N Ammonia N Urea N 

Disease Age Breed § £ L £ 
~ | € 

; Z E E 2 4 

-) j "1 

zie| a@isi<¢| @ i¢! a 


Range pa- | 3 mo.—| White Leg- 22 2.6 (0.5-9.40.7 0.3-1.92.00.0-7.9 


ralysis | lyr.| horn 
Tumors | 1 yr. sg ™ 4 3.0 0.9-5.40.8 0.7-0.92.20.2-4.5 
peo tebe PF 8 93 0.7-4.70.8 0.5-1.21.50.2-3.8 
and coc- lyr. New Hamp- 1 
cidiosis shire Red 
Respiratory lyr. | Rhode Is- 3 
disease land Red | 28 0.6-7.810.4 |0.2-0.71.40.4-7.5 
White Leg- 1 ~ esi dies a Soe ee 
horn 
megec 1 White Rock 2) ¢ 9 9-2.90.4 0.1-0.61.40.5-2.8 
disturb- Leg- 1 
ance | horn 
Miscellane-_ 3 mo.- * - 3.1.9 0.9-3.20.7 0.5-0.91.20.2-2.7 
ous | yr. 
CO SS 43 2.56 0.66 1.9 


The ammonia nitrogen content of normal and diseased chickens 
recorded in Tables II and III was determined to obtain the cor- 
rected values for urea nitrogen.' The ammonia nitrogen values 


The samples of blood from normal chickens were collected when the 
chickens were slaughtered, by Mr. F. E. Andrews of the Poultry Depart- 
ment of Cornell University. The chickens were fed a stock diet and had 
fasted 24 hours. The blood of diseased hens was obtained from the Poultry 
Disease Laboratory of the New York State Veterinary College. The hens 
had been received from poultrymen living in various parts of the state of 
New York. 
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include the preformed ammonia as well as the ammonia formed 
during the 1 hour aeration of the blood in the presence of powdered 
potassium carbonate and are probably too high. There was no 
definite relationship between the ammonia nitrogen and urea 
nitrogen values. 


SUMMARY 


The values published for the urea nitrogen content of normal 
chicken blood are generally too high, owing to erroneous methods 
used in the analyses. The average value found is 0.7 mg. per 
100 cc. The urea nitrogen content of chicken blood may increase 


owing to disease. 
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UNSTABLE ISOTOPES 


I. THE DETERMINATION OF RADIOACTIVE ISOTOPES 
IN ORGANIC MATERIAL* 


By ERWIN CHARGAFF 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, March 13, 1939) 


In the course of experiments on the formation of radioactive 
phosphatides in the body and on the synthesis of radioactive 
organic substances containing the unstable isotope! P}{ it was 
found of advantage to determine the radioactivity of the com- 
pounds themselves rather than of their ignition residues, as is 
commonly done (2). This procedure makes it possible sub- 
sequently to recover the radioactive substances unchanged and 
to submit them to further purification or other chemical operations. 

For the expression of the radioactivity of the compounds tested 
and for the standardization of the various vessels employed a 
convenient way was found in the use of potassium fluoride. All 
potassium occurring in nature is known (3) to contain the unstable 
isotope K{} in a concentration estimated between 3 X 10-* and 
4 X 10-* gm. per gm. The decay of the unstable potassium 
isotope is an extremely slow process; its half lifetime has been 
calculated (3) to lie between 7 X 107 and 5 X 10" years. Potas- 
sium fluoride was chosen because of its high solubility in water. 
The 8-rays emitted by a given amount of potassium fluoride under 
comparable conditions form a convenient and easily reproducible 
standard. The radioactivity of the preparation is expressed in KF 
units, which are defined as the amount of potassium fluoride in 


* This work has been supported by a grant from the John and Mary R. 
Markle Foundation. 

1 In writing formulas, analytical figures, etc., for compounds containing 
an unstable isotope an asterisk before the letter symbol for the particular 
element will be used (e.g. Na;*PO,), as proposed in a previous note (1). 
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mg. which under standard conditions shows the same degree of radio- 
activity as a given amount of the substance measured. 
EXPERIMENTAL 
Measurement of Radioactivity 


The radioactivity of the substances was determined by means 
of a Geiger-Miiller counter. In order to minimize the effects of 
local y radiation, cosmic rays, etc., the counter was enclosed in 
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Fic. 1. Counting chamber for the measurement of radioactivity in 
organic substances (a) in the dry state and (b) in solution. A is an alu- 
minum tray, B, C, and D are bakelite plates, and E is the silver cathode. 


a chamber, a diagram of which is shown in Fig. 1, consisting of a 
heavy lead cylinder with walls 3 em. thick, which could be used 
in both the horizontal and vertical positions. A medium sized 
counter tube made out of thin glass was employed. Its active 
surface was defined by the thin, cylindrical silver cathode E, 
which had a length of 5 cm. and a diameter of 1.6 cm. The 


* We are highly indebted to Dr. J. R. Dunning and Mr. H. A. Glassford 
of the Department of Physics of this University for the construction of 
the apparatus. 
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silver was deposited chemically. The recording amplifier system 
had a high resolving power. Each impulse received was recorded 
in a loud-speaker and every second impulse was recorded on a 
mechanical counter by means of a suitable thyratron tube ar- 
rangement. The background effect of the counter corresponded 
to 12 impulses per minute. 


Determination of Radioactivity in Organic Material 


For the determination of radioactive isotopes in organic sub- 
stances two methods were used: (1) The substance, in the dry 
state, was spread in a thin layer (thickness approximately 0.5 
mm.) on a small aluminum tray which was placed underneath 
the counter tube at a standard distance. (2) The substance, 
dissolved in a suitable solvent, was placed in the hollow jacket 
of a double walled, thin glass cylinder which was slipped over 
the counter tube. The first arrangement is preferable in cases 
in which small amounts of material or substances of low radio- 
activity are to be tested. 

Measurement in Dry State—The arrangement used is shown 
in Fig. 2.3. The tray A has a trough 58 mm. long, 27 mm. wide, 
and 1 mm. deep, and is stamped out of an aluminum sheet 76 X 35 
mm. By means of a simple interlocking device the tray is con- 
nected with the bakelite plates B, C, and D, which are 140 mm. 
long, 50 mm. wide, and 5 mm. high. In this manner a solid 
block is obtained which slides into a groove on a support under- 
neath the counter tube, as shown in Fig. 1, a. 

This arrangement makes it possible to carry out the measure- 
ments at one of three standard distances from the cathode, the 
distance being selected in accordance with the activity of the 
preparation. With all three plates A, B, and C in use the distance 
between the material measured and the counter tube is 2 mm. 
(Distance 1); with plates B and C the distance is 7 mm. (Distance 
2); with plate C only the distance is 12 mm. (Distance 3). On 
the basis of a number of measurements with various radioactive 
substances the number of impulses registered when Distances 1, 
2, and 3 were used was found to be in the ratio of 2:1.4:1. 

Measurement in Solution—For determining the activity of 


* We should like to thank Mr. F. Rosebury of this Department for its 
construction. 
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solutions double walled, thin glass cylinders were used which in 
vertical position were slipped over the counter tube, as shown in 
Fig. 1, b in side and plan views. The cylinders were about 110 
mm. high, and had an outside diameter of 30 mm. and an inside 
diameter of 22 mm. The width of the hollow jacket was 1.5 
mm. The thickness of the glass walls varied between 1 and 1.5 
mm. In all vessels used 10 cc. of solution were sufficient to 
cover the entire area surrounding the cylindrical silver cathode. 





Fig. 2. Arrangement for the measurement of radioactivity in the dry 
state. A is an aluminum tray and B, C, and D are bakelite plates. 


For volatile solvents and measurements of long duration vessels 
with closed jackets were used which, as shown in Fig. 1, b, had 
at the upper end two short tubulations with ground-in glass 
stoppers through which the solutions could be admitted and 
withdrawn. For aqueous solutions vessels with jackets that 
were open at the top were found more convenient. 

Because of varying thickness of the cylinder walls and of the 
jackets containing the solution the amount of 8-rays transmitted 
from the same substance will not be identical for different vessels. 
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E. Chargaff 583 


The use of potassium fluoride as a radioactive test substance, as 
described in the following paragraphs, makes it possible to reduce 
results obtained under different conditions to a standard value. 
The absolute values of the radioactivity of different radioactive 
isotopes will be comparable only if the energy spectra of the 
radiation emitted (electrons, positrons, and y-rays) are the same. 
The relative values for any given material, however, are ac- 
curately comparable. 


Potassium Fluoride As Standard 


As the test substance potassium fluoride (Merck’s reagent) 
was used, of which 50.0 gm. were dissolved in water to give a 
total volume of 100 cc. The solution was stored in a paraffin- 
coated bottle. In Table I measurements‘ are reproduced which 


Tasie I 
Determination of Radioactivity in Glass Vessels 








| Im pulses per min. 
Vessel No. —— cepreeeeeem 








10 ce. 0 percent KF elution | NT ag 
1 62.0 103.9 
2 29.9 49.6 
3 


49.8 83.7 








were carried out with 10 cc. of a potassium fluoride solution con- 
taining 5.0 gm. of KF and with 10 cc. of a 0.34 per cent aqueous 
solution of Nas*PO,-12H,O which contained a very small amount 
of radioactive P. It will be seen that in the first series of deter- 
minations Vessel 2 was found to transmit 48.2 per cent and Vessel 
3, 80.2 per cent of the 8-rays transmitted by Vessel 1, whereas in 
the second series 47.8 and 80.6 per cent were found respectively. 

The number of §-rays registered by the counter will be higher 
when the radioactive material is tested in the dry state than 
when it is in solution because in the latter case part of the radiation 
is absorbed by the solvent and the glass. In order to obtain 
comparable results it is necessary to find the relation between 


‘ All counts reported represent the averages of a number of measure- 
ments and are corrected for the background effect. 
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counts obtained in the dry state and those registered by a solution. 
This conversion factor can be easily arrived at with a radioactive 
preparation. With a preparation of NaH,*PO,-H,0 the following 
results were obtained. 1.2 mg. of the salt, spread on the aluminum 
tray at Distance 1, gave 187.3 impulses per minute. A solution 
of 6.8 mg. in 10 cc. of water, measured in glass Vessel 1, gave 
168.9 impulses per minute. Therefore, under the conditions of 
the experiment 6.28 impulses obtained with the material in the 
dry state corresponded to 1 impulse registered by the same amount 
of substance in solution. 

The activity of our radioactive preparations is expressed in 
KF units; i.e., the amount of KF in mg. which, when measured in 
a glass cylinder in the form of a 50 per cent aqueous solution, shows 
the same degree of radioactivity as a given amount of the material 
tested under the same conditions. Let R be the radioactivity of 
a substance expressed in KF units per mg., A the number of 
impulses per minute registered by B mg. of this substance, and 
C the number of impulses per minute registered by D mg. of KF. 
We then have the equation 


R = AD/BC (1) 


D/C is a constant which is characteristic for the measuring vessel. 
On the basis of the figures given in the second column of Table I 
D/C for Vessels 1, 2, and 3 is found to be 80.6, 167.2, and 100.4 
respectively. 

If the measurements are carried out in the dry state, a con- 
version factor f is applied which is characteristic for the distance 
between the counter tube and the material, and for the glass 
vessel with which comparison is made, as described above. With 
k as the vessel constant D/C, the equation will read 


R = kA/fB (2) 


Examples—10 cc. of a solution containing a total of 34.0 mg. 
of Nas;*PO,-12H,O were measured in Vessel 1 and found to give 
103.9 impulses per minute. By application of Equation 1, | mg. 
of Na;*PO,-12H,0 is found to contain 246 KF units. 

1.2 mg. of NasH*PO,-12H,0, tested on the aluminum tray 
at Distance 1, gave 738.9 impulses per minute. By Equation 2 
and with f = 6.28, as calculated above, 1 mg. of NazH*PO,-.12H,0 
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is found to contain 7900 KF units. 2.2 mg. of the same prepa- 
ration, dissolved in 10 ec. of water and measured in Vessel l, 
gave 209.5 impulses per minute, corresponding to 7680 KF units 
per | mg. of the salt. 

155.3 mg. of a radioactive lecithin preparation containing 3.6 
per cent *P, tested on the aluminum tray at Distance 1, gave 28.3 
impulses per minute. By Equation 2, 1 mg. of lecithin *P is 
found to contain 65 KF units. 


It is a pleasure to acknowledge the assistance rendered by Mr. 
B. Kress in the course of these experiments. 


SUMMARY 


Methods for the determination of radioactive isotopes in organic 
compounds are discussed. 
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UNSTABLE ISOTOPES 


II. THE RELATIVE SPEED OF FORMATION OF LECITHIN AND 
CEPHALIN IN THE BODY* 


By ERWIN CHARGAFF 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, March 13, 1939) 


In spite of a large amount of work concerning the seat of forma- 
tion and the function of the phosphatides in the body, their actual 
place in the physiology of higher organisms is by no means fully 
established. It should, however, be noted that at least one 
important physiological function can be assigned to cephalin; 
viz., that of being the prosthetic group in the specific protein, 
the thromboplastic factor, which is the natural activator of blood 
coagulation. 

It has recently been pointed out (1) that the fact that lecithin 
and cephalin usually are obtained in conjunction by chemical 
procedures by no means connotes a common physiological function 
of the two. On the basis of the behavior of cephalin towards 
protamines it was concluded that it, unlike lecithin, could exist 
in the body in the form of a salt-like combination with certain 
proteins, and, therefore, could form part of the structural com- 
ponents of the organism. 

In this connection it appeared of interest to investigate the 
relative speed of formation of lecithin and cephalin in the adult 
rat by means of the radioactive isotope P?? which has a half life- 
time of 14.5 days. It was hoped that such a study would throw 
light on the important question whether the mechanism of forma- 
tion in the body of these two phosphatides was essentially similar. 

The use of isotope labels in physiology, introduced by Hevesy 
in 1923 in a study of the absorption of lead by plants (2), has 


* This work has been supported by a grant from the John and Mary R. 
Markle Foundation. 
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588 Unstable Isotopes. II 


made it probable that even the depot substances of the organism 
show a much more rapid turnover than had been expected (3, 4), 
if the speed with which isotope labels appear in certain compounds 
actually is a measure of their turnover. It has to be noted that 
quantitative statements concerning newly formed compounds 
in different organs presuppose a common base-line with regard 
to the concentration of the isotope label, from which the synthesis 
starts. The question of synthesis in the organism, as followed by 
isotopes, will be discussed later in the paper. 


EXPERIMENTAL 
Preparation of Radioactive Sodium Phosphate 


The radioactive phosphorus Pi} used was prepared by the action 
of fast neutrons on carbon disulfide by a method essentially similar 
to that of Chievitz and Hevesy (5). 6 to 8 liters of purified 
CS, were irradiated with a radon-beryllium source for a period 
of 2 to 5 days. The solvent was distilled off in an all glass ap- 
paratus. The small amount of reddish residue was, in some 
cases after the addition of 30 mg. of dry red P, oxidized by re- 
peated treatment with boiling concentrated HNO;. The solution 
was concentrated, the acid was driven off by heating to 130°, 
and the temperature was raised to 150° until no acid vapors were 
given off. The residue was dissolved in water and brought by 
dilute NaOH to the pH corresponding to the primary, secondary, 
or tertiary salt; 50 to 100 mg. of inactive sodium phosphate were 
added, and the radioactive phosphate was obtained by evaporation 
of the water and drying. In these experiments NaH,*PO,-H,0, 
Na,H*PO,-12H,0, and Na;*PO,-12H,O were prepared.' 

In cases in which very strong sources had been employed the 
phosphoric acid obtained was contaminated with a considerable 
amount of sulfuric acid, which had to be removed as BaSO, by 
addition of BaCl, to an acidified solution of the radioactive salt. 
The BaSQ,, even after prolonged washing with dilute HCl, still 
showed considerable radioactivity. From the filtrate Bas(*PO,): 
was precipitated practically quantitatively by making the solution 


1 In writing formulas, analytical figures, etc., for compounds containing 
an unstable isotope an asterisk before the letter symbol for the particular 
element will be used (e.g. Nas*PO,), as in the preceding paper (6). 
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E. Chargaff 589 


alkaline towards phenolphthalein with ammonia. The barium 
phosphate then was converted into Na;*PO, by means of the 
calculated amount of Na,SQ,. 

The preparations used contained between 13,000 and 56,000 
KF units per mg. of P, when measured by the method described 
in the preceding paper (6). 


Measurement of Radioactivity 


The radioactivity of the phosphatide fractions isolated was 
measured in the dry state as described previously (6). 

The activity of the preparations is expressed in KF units per 
mg. of P. In a number of investigations dealing with the forma- 
tion of radioactive phosphatides it seems to have been overlooked 
that the phosphorus values of body phosphatides, unless these 
are more rigorously purified than is possible with the small amounts 
available, may vary within wide limits. Since the radioactivity 
of a phosphatide is solely a function of the amount of *P present, 
the phosphorus content of each fraction must be determined, and 
the activity measurements must be correlated with it. 

In order to take into account the natural decay of the unstable 
phosphorus and to express the activities of the preparations in 
terms of the radioactive phosphate fed, a standard measurement 
was taken with each set of measurements. The standard consisted 
in an intimate suspension of 0.5 to 1 mg. of the sodium phosphate 
fed in inert soy bean lecithin, the amount of which was chosen 
so as to approximate the weights of the phosphatides measured 
(compare (7)). 


Separation of Phosphatides 


The method chosen for the extraction and separation of the 
phosphatides had to permit a fairly rapid preparation of the 
material free of sphingomyelin and of inorganic phosphate. The 
quantitative recovery of the lipids was of minor importance. 

The skinned carcasses and the individual organs of the rats 
were mechanically ground and dehydrated by treatment with 
acetone for 1 hour at room temperature. The acetone treatment 
was repeated with a fresh portion of the solvent, and the mixture 
was kept in the ice box for 12 hours. The dry material was then 
extracted at room temperature with a mixture of equal parts of 
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freshly distilled absolute alcohol and ether for 16 to 24 hours, 
filtered off, and the extraction was repeated with hot alcohol- 
ether and finally with ether. The combined extracts were con- 
centrated to dryness in vacuo, absolute alcohol was added to the 
residue, and the evaporation repeated twice. The residues 
then were dissolved in freshly distilled petroleum ether (boiling 
at 30-60°), between 2 and 10 gm. of finely powdered anhydrous 
NazHPO, were added, and the mixtures kept in the refrigerator 
overnight. This treatment effects the removal of small amounts 
of inorganic radioactive sodium phosphate, which might have 
been carried over into the extracts, by exchange with the large 
excess of sodium phosphate present (8). At the same time traces 
of sphingomyelin and cerebrosides are removed which are insoluble 
in cold petroleum ether. The filtrates were again treated with 
sodium phosphate, this time at room temperature for 2 hours. 

The residues, after evaporation of the solvent, were taken up 
in a small amount of ether, centrifuged if necessary, and the 
cephalin precipitated with absolute alcohol. After chilling, the 
precipitates were centrifuged off, washed with chilled alcohol, 
and reprecipitated from their ethereal solution with alcohol. 
The cephalin fractions were finally washed with cold alcohol and 
acetone and dried in vacuo. 

The alcohol-ether solutions containing the lecithin were evapo- 
rated to dryness and the residues dissolved in absolute alcohol and, if 
necessary, centrifuged. The solvent was removed, and the residue 
dissolved in ether, precipitated with acetone, and purified by 
reprecipitation. 

All preparations were analyzed for phosphorus and, whenever 
possible, for nitrogen and amino nitrogen. In cases in which 
scarcity of material prevented the determination of amino nitro- 
gen, the lecithin fractions were tested for the absence of free 
amino groups by means of the ninhydrin reaction (9). 


Formation of Lecithin and Cephalin in the Body 


In all experiments reported in this paper adult male rats weigh- 
ing between 250 and 300 gm. were used, which were fed the 
ordinary laboratory diet. In one set of experiments on two rats 
each animal received 59.7 mg. of NaH;,*PO,-H,O, dissolved in 
1.2 cc. of water, by stomach tube; 7.e., a total of 13.4 mg. of *P 
with an initial activity of 175,000 KF units. 
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One animal was killed 19 hours, the other 43 hours after the 
ingestion of the radioactive sodium phosphate. The phosphatides 
were isolated in the manner described above. The results of 
the experiment are summarized in Table I. The values for 
the minimum amounts of newly formed phosphatides are obtained 
by comparing the activities of 1 mg. of *P fed with those of 1 mg. 
of lipid *P under identical conditions. In reality the amounts 
of newly formed lipids will be much larger because of dilution 
of the radioactive sodium phosphate fed with inactive phosphates 
present in the food and in the body. 


TaBLe I 
Relative Speed of Formation of Lecithin and Cephalin in the Rat 


| Minimum 
amount 
| | of newl 
: Radio- | form: 
ANo. | Phosphatide | Weight | P N | NHeN | setivity®| phew 
| | | *P in cent 
of total 
| | hos- 
| phatide 
mg per cent per cent percent | KF units ‘ 
1 | Lecithin | 1063.0| 2.8 oy ae | 15.6 | 0.37 
| Cephalin | 353.4) 3.0 1.4 | 1.2 | 17.6 | 0.42 
2 | Lecithin 935.3 | 3.1 1.5 | 23.7 0.52 
| Cephalin 258 .0 3.2 ae 1 ks 25.4 0.56 





mean values given. 


Formation of Lecithin and Cephalin in Various Organs 


Two rats of approximately 300 gm. body weight were used in 
another experiment in which each animal received 40.8 mg. of 
Na,:H*PO,-12H,0, dissolved in 2 cc. of water, by stomach tube; 
i.e., a total of 3.53 mg. of *P with an initial activity of 198,000 
KF units. 

The animals were killed 24 hours after the ingestion of the 
sodium phosphate and the liver, brain, and intestinal tract were 
removed. The organs and the remaining carcasses were mechan- 
ically ground and extracted, as described above. The results 
of the experiment will be found in Table II. Since the amount 
of inorganic *P fed in this experiment was still smaller than in 
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the preceding one, the figures in the last column of Table II can 
serve as an indication only of the relative apparent speeds of 
synthesis of the phosphatides in various organs. The absolute 
amounts of newly formed substances must have been consider- 
ably larger. 














Taste II 
Relative Speed of Synthesis of Lecithin and Cephalin in Various 
Organs of the Rat 

| Minimum 
| | | amount 
} | Radio~ | [—< 
= 2 Organ | Phosphatide | Weight r it= | phectde, 
~ | in og 
| | | o aay 
| | phatide 

mg. per cent | KF units 
3 | Intestinal | Lecithin 172.2 | 2.2 | 61.6 0.30 
tract | Cephalin | 95.1 | 2.0 | 35.4 | 0.17 
Liver | Lecithin | 109.0 3.2 | 81.3 | 0.37 
| Cephalin | 25.8 | 2.9 | 68.0 | 0.25 
Brain Lecithin | 45.6 | 3.0 | 19.7 | 0.09 
Cephalin | 38.7 | 2.8 | 23.2 | 0.10 
Carcass Lecithin 438.3 | 2.8 21.7 | 0.12 
Cephalin | 337.0 | 2.1 | 22.1 | 0.12 
4 Intestinal Lecithin 86.3 | 2.4 | 57.6 | 0.28 
tract Cephalin | 146.8 | 19 | 23.5 0.12 
Liver | Lecithin | 212.4 | 2.9 | 69.6 | 0.32 
Cephalin | 44.6 3.3 | 60.0 | 0.27 

Brain Lecithin | 56.2 | 3.2 | 
Cephalin | 36.8 | 3.0 18.6 | 0.08 
Carcass | Lecithin | 448.0 | 3.0 | 15.4 | 0.09 
Cephalin | 128.9 | 2.2 | 12.6 | 0.07 





* The spread of the individual counts was within about 4 per cent of 
the mean values given. 


DISCUSSION 


The proof that the inorganic phosphorus of the food is partly 
converted into phosphatides in the organism, as demonstrated 
in studies of previous workers as well as in the present paper, 
hardly required the use of radioactive isotopes. It is, however, 
not possible to say at present whether the synthesis of phosphatides 
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had taken place by exchange of the phosphoric acid group in the 
preformed molecule or by a new union of the structural elements 
of the compounds. The question of the stability of glycero- 
phosphoric acid and of the phosphatides under various conditions 
will form the subject of a subsequent publication; it may, however, 
here be said that, with the accepted structures of lecithin and 
cephalin in mind, a mere exchange of the phosphoric acid group 
without breakage of its chemical linkages with the glyceride on 
one side and with the amino alcohol on the other appears highly 
unlikely.? 

The experiments on the formation of total lecithin and cephalin 
in the body summarized in Table I seem to indicate that the 
synthesis of the two phosphatides proceeds at about the same 
speed. The study of the relative speeds of formation of lecithin 
and cephalin in various organs, however, reproduced in Table II, 
gave an entirely different picture. The intestinal tract was 
found to contain almost twice as much newly formed lecithin as 
cephalin, and the liver too contained significantly higher amounts 
of lecithin. That the comparison of the total amounts of lecithin 
and cephalin in the rat did not reveal this difference, is primarily 
due to the fact that the phosphatides of the eviscerated carcass 
constitute the major part of the phospholipids of the animal. 

The finding that the phosphatides of the intestinal tract and 
of the liver show a considerably higher radioactivity than those 
of the brain and the rest of the organism is in harmony with 
similar results reported by Artom et al. (10) and later by Perlman 
etal. (7). (Cf. the review by Sinclair (11) on phosphatide metab- 
olism.) This, as was pointed out in the introductory paragraphs, 
does not necessarily signify a higher degree of synthetic ability 
in these organs. A similar effect would be produced if the in- 
organic phosphorus were transported at different speed into the 
various organs where the phosphatide syntheses were taking 
place, or, for that matter, if the phosphatides themselves were 
migrating at unequal speeds into the different organs. 


? “Synthesis of a compound,”’ in the sense in which metabolic experi- 
ments with isotope labels can reveal it, will have to include all reactions 
by which an element is transferred to the compound in question. Whether 
such transfers can be effected by the living cell without the breakage of 
chemical links, cannot be decided at present. 
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The unexpected finding that the radioactivity of the lecithin 
from the intestinal tract and the liver was considerably higher 
than that of the cephalin seems to indicate that the syntheses of 
these phosphatides do not follow the same course. 

The following reactions, if one disregards any less simple assump- 
tions, could in the organism lead to the formation of phosphatides. 
(1) A diglyceride* is esterified with phosphoric acid to form a 
phosphatidic acid which in turn reacts with aminoethyl alcohol, 
choline, or a precursor of these alcohols. (2) Aminoethyl alcohol 
or choline is phosphorylated‘ and the resulting phosphoric acid 
esters combine with a diglyceride. (3) Lecithin is formed from 
cephalin (or one of its intermediates) by methylation of the free 
amino group (13, 14). The third assumption certainly is not 
borne out by the experiments reported here, which, as a matter 
of fact, would be in agreement with the opposite type of reaction, 
viz. the formation in the organism of cephalin from lecithin. 
Further work will be necessary to show by what reactions the 
phosphatides in the organism are built up. 


The author is highly indebted to Dr. J. R. Dunning and as- 
sociates of the Department of Physics of this University for 
help with the preparation of the radioactive phosphorus, to Dr. 
K. B. Olson of the Department of Surgery of this College for help 
with the animal experiments, and to Mr. B. Kress for general 
assistance. 


SUMMARY 


The relative speed of formation of lecithin and cephalin in 
the body of the rat and in various organs was followed by means 
of the radioactive phosphorus isotope. It was found that the 
synthesis of these phosphatides apparently did not take the same 


course, the intestinal tract and the liver being much richer in 


newly formed lecithin than cephalin. Some of the physiological 
aspects of these findings are discussed. 


* The possibility that glycerophosphoric acid is formed first and the 
fatty acids are introduced afterwards is not considered here for reasons 
of brevity. 

‘ The isolation of aminoethylphosphoric acid from tumor tissue has been 
reported by Outhouse (12). 
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SOME REACTIONS OF AMMONOLYZED INSULIN 


By RICHARD G. ROBERTS 


(From the Department of Physiological Chemistry, Chicago Medical School, 
Chicago) 


(Received for publication, February 27, 1939) 


In previous papers (1, 2) it was reported that proteins are 
acidic in liquid ammonia and liberate hydrogen when sodium is 
added to them in that medium. It was observed that the hydro- 
gen evolved can be correlated with the nitrogen content of the 
proteins and the sodium employed, thus permitting the construc- 
tion of a curve that is characteristic for each protein. Further- 
more, it was shown that the physiological activity of a protein- 
like substance, such as parathyroid hormone, can be correlated 
with the curves mentioned (3). 

The purpose of the present investigation was to make such 
correlations for insulin, and it was found that insulin, when treated 
with varying amounts of sodium in liquid ammonia, gives a pro- 
tein-like curve (Fig. 1) and can therefore be classified with and 
compared to other proteins. It was observed, however, that 
insulin, unlike parathyroid hormone (3), does not give a curve 
representing its physiological activity, since the smallest amount 
of sodium added to liquid ammonia containing insulin com- 
pletely inactivates the latter in respect to its power of lowering 
blood glucose. This is not surprising, since numerous investiga- 
tors have shown that in aqueous solution insulin is easily inacti- 
vated by a variety of reducing agents (4). However, insulin may 
be recovered from solution in liquid ammonia without appreciable 
loss of its potency. 


Methods 


The liquid ammonia used in this work was dried by contact 
with metallic sodium according to the method of Fernelius and 
Johnson (5), and the insulin was dried in a vacuum desiccator 


597 








en 


ee 


= 


eta cnoeel aimee 
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over sulfuric acid for 6 weeks. Extensive drying controls have 
been made and were discussed in previous papers (2, 3). 

A 0.5 gm. sample of insulin was used for each of the points on 
the hydrogen curve (Fig. 1), in which the atomic proportion of 
hydrogen evolved is plotted against the atomic proportion of 
sodium employed per atom of insulin nitrogen. The procedure 
and apparatus used to obtain these data are described in previous 
publications (1-3). 


DISCUSSION 


Reactions of Insulin with Sodium in Liquid Ammonia—The 
curve shown in Fig. 1 can be considered in three segments. In 
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Fic. 1. Acidic hydrogen from insulin. Segment I, region of rapid re- 
duction and absorption; Segment II, region of rapid evolution of acidic 
hydrogen; Segment III, region of completed reduction and slow evolution 


of hydrogen. 


Segment I a*rapid reduction of insulin is indicated, since only 0.1 
gm. atom of hydrogen is evolved for 0.4 gm. atom of sodium added. 
This rapid reduction of insulin continues until about 0.8 gm. atom 
of sodium is added and 0.13 gm. atom of hydrogen is evolved, when 
the curve begins to rise, forming Segment II. During this time 
there is very little reduction and absorption, and the insulin is 
acting as an acidic substance. Here the hydrogen evolved to the 
sodium added has about a 1:1 ratio. Later the curve flattens 
out, indicating that both reduction and salt formation with the 
evolution of hydrogen have ceased, as is shown in Segment III. 
In general the curve obtained by our method for insulin re- 
sembles the curves obtained by us for other proteins in contra- 
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distinction to the curves obtained for peptones, diketopiperazine, 
or dipeptides such as glycylglycine. It is also apparent from 
these data that insulin has no prosthetic group that has a catalytic 
effect for the action of sodium on liquid ammonia like that shown 
by hematin in hemoglobin. We have shown in other work (6) 
that the curves for hematin and hemoglobin are linear, and con- 
tinue indefinitely with the addition of sodium. This indicates a 
catalytic action. 

The amount of reduction, as shown in Segment I, is much 
greater than that found for such proteins as edestin and casein, 
but resembles somewhat the amount of reduction found for egg 
albumin. However, the time required for the fading of the blue 
color caused by the addition of 0.1 gm. pieces of sodium was less 
for insulin than for other proteins which we have studied. This 
indicates that insulin is more easily reduced, as might be expected 
from its high cystine content and accompanying disulfide linkages. 
It has been shown by others (7) and by ourselves (1) that disulfide 
linkages can be reduced by metallic sodium in liquid ammonia. 
The total hydrogen evolved by insulin, however, is almost identi- 
cal with that of casein, being more than that of egg albumin, but 
less than that of edestin or silk fibroin. 

The solubility of insulin in liquid ammonia has been reported 
previously by du Vigneaud, Fitch, Pekarek, and Lockwood (8) 
and also by Kharasch (9) who advocated the use of liquid am- 
monia for the purification of crude insulin. None of the above 
authors indicates the extent to which insulin is soluble in liquid 
ammonia. Kharasch (9) extracted 10 gm. of commercial insulin 
(15 1.u. per mg.) with 150 cc. of liquid ammonia. He does not 
state the yield obtained from the soluble fraction, but claims that 
from it an isoelectric precipitate of high potency (24 to 27 Lv. 
per mg.) was obtained. In our studies we were interested in 
comparing the solubilities of amorphous and crystalline insulin in 
liquid ammonia with the solubilities of other proteins we have 
studied. 

Most proteins and peptones! flocculate at once on being added 
to liquid ammonia. In this connection it is interesting to note 


1 Specific examples are casein, edestin, egg albumin, parathyroid hor- 
mone, silk fibroin, sheep wool, gelatin, Witte’s peptone, Armour’s meat 
peptone, Merck’s meat peptone, and Hoffmann-La Roche silk peptone. 











A meee 









600 Ammonolyzed Insulin 


that hemoglobin is essentially insoluble in liquid ammonia, but 
after 20 to 30 minutes the liquid ammonia becomes reddish purple 
in color, due possibly to the splitting off of hematin which is very 
soluble in this medium. On the other hand amorphous insulin 
(20 units per mg.) does not flocculate immediately when 0.5 gm. 
of it is dissolved in 200 ce. of liquid ammonia, but forms what 
appears to be an opalescent solution, resembling egg albumin in 
water. In about 45 minutes, however, flocculation sets in and a 
light precipitate settles out. Since this was unusual, a solubility 
determination was made upon crystalline insulin, with smaller 
quantities but the same proportions as for amorphous insulin; 
that is, 25 mg. of crystalline insulin and 10 cc. of liquid ammonia. 
In these proportions crystalline insulin is immediately soluble, 
forming a clear, transparent solution, and flocculation does not 
occur or is only faintly appreciable after several hours. In this 
respect crystalline insulin resembles many amino acids. With 
the exception of glutamic acid all of the amino acids? used in this 
work are very soluble in liquid ammonia. Both glutamic acid 
and glutathione form heavy viscous oils in liquid ammonia. The 
dipeptides, glycylglycine, glycyl-dl-alanine, and dl-leucylglycine, 
are very soluble in liquid ammonia, as are also the amino acids, 
histidine and tryptophane. However, arginine and glycine anhy- 
dride are insoluble in liquid ammonia. 

Only two vegetable proteins have been reported as being soluble 
in liquid ammonia; namely, zein and gliadin (10). This observa- 
tion was checked by ourselves, and we found that zein and gliadin 
are soluble in liquid ammonia after having been washed repeatedly 
with absolute ethyl alcohol and dried in a vacuum desiccator over 
sulfuric acid. After further drying in an oven at 80°, however, 
these proteins were found to be practically insoluble in liquid 
ammonia (2). Not knowing just how the crystalline insulin had 
been dried before reaching us, we subjected it to further drying in 
an oven at 80° for 24 hours. This treatment did not decrease its 
solubility in liquid ammonia. 

We have shown (11) that hematin and glycine, both very soluble 
in liquid ammonia, react in it to form an insoluble compound 


? It has been previously reported by du Vigneaud, Audrieth, and Loring 
(7) that cystine is soluble in liquid ammonia. 























R. G. Roberts 601 


which, however, is soluble in aqueous solution at pH 7.42, and has 
absorption bands similar to hematin. Crystalline insulin re- 
sembles hematin in that it is soluble in liquid ammonia and reacts 
with glycine to form a precipitate in liquid ammonia. When 
crystalline insulin (25 mg.) is mixed with glycine (25 mg.) and 
added to 10 ce. of liquid ammonia the mixture goes into solution 
at once. However, within a few minutes a flocculent precipitate 
begins to form and slowly settles out. The nature of this product 
is under investigation. 


SUMMARY 


1. Curves plotted for the acidic hydrogen evolved from in- 
sulin when it is treated with sodium in liquid ammonia resemble 
curves obtained for casein, egg albumin, edestin, and silk fibroin. 

2. Insulin has no prosthetic group that has a catalytic effect 
for the action of sodium on liquid ammonia such as that shown by 
hematin in hemoglobin. 

3. The slightest reduction of insulin by sodium in liquid am- 
monia entirely obliterates its power of lowering blood glucose. 

4. Crystalline insulin is soluble in liquid ammonia after having 
been dried in an oven at 80°. 

5. Insulin, dissolved or dispersed in liquid ammonia, can remain 
in contact with it for 24 hours without apparent inactivation. 

6. Crystalline insulin forms an insoluble precipitate with glycine 
in liquid ammonia. 


The author wishes to thank Eli Lilly and Company for the 
amorphous insulin and Dr. H. Jensen of the Johns Hopkins Uni- 
versity for the crystalline insulin used in this work. 
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STUDIES IN PROTEIN METABOLISM 


IX. THE UTILIZATION OF AMMONIA BY NORMAL RATS ON A 
STOCK DIET* 


By D. RITTENBERG, RUDOLF SCHOENHEIMER, 
anp ALBERT 8. KESTON 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, March 22, 1939) 


It has been shown in a recent publication (1) that immature 
rats kept on a protein-low diet with an addition of large quantities 
of ammonium citrate may utilize some of the added ammonia for 
amino acid formation. The reaction was followed by labeling the 
dietary ammonia with N™ and determining the isotope concentra- 
tion of a number of pure amino acids isolated from the body pro- 
teins. In that experiment the conditions were not physiological. 
The greater part of the dietary nitrogen was given as ammonium 
citrate and the animals lost weight during the experimental period. 
It was therefore difficult to draw conclusions as to the fate of 
ammonia in the normal metabolism. 

In the present study the fate of a small amount of ammonia 
was followed in adu't rats kept otherwise under normal conditions. 
They were given an ordinary stock diet, the protein of which con- 
sisted of casein. Isotopic ammonium citrate was added to the 
diet, the nitrogen of which corresponded to only 5.8 per cent of 
the total nitrogen of the diet. The rats were on this diet for 9 
days and their weight remained constant. They were killed by 
exsanguination, and the proteins of the liver, of the walls of the 
intestinal tract, of the kidneys, and of the muscles were inves- 
tigated separately. All these proteins contained significant 
amounts of isotope. The proteins were hydrolyzed; arginine, 
glutamic acid, aspartic acid, and glycine were isolated from the 


* This work was carried out with the aid of grants from the Rockefeller 
Foundation and the Josiah Macy, Jr., Foundation. 
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liver protein. The same amino acids, with the exception of aspar- 
tic acid, were isolated from the wall of the intestinal tract, and 
arginine was isolated from the kidney. All these compounds 
contained some labeled nitrogen. The protein of the liver and all 
of the fractions isolated from this protein, contained a higher 
concentration of isotope than did those of the other organs. Of 
the amino acids isolated, glutamic acid had the highest concentra- 
tion of isotope, a finding in accord with our earlier finding on feed- 
ing ammonia (1), or isotopic tyrosine (2). It gives support to 
the theory of von Euler and collaborators (3) according to which 
glutamic acid is the first amino acid to be formed from ammonia, 
its nitrogen being secondarily transferred to other amino acids by 
coupled deamination and amination according to the scheme of 
Braunstein and Kritzmann (4). 

The small amounts of ammonia present in the food of our rats 
cannot have markedly altered the characteristics of our stock 
diet. The absorption of small amounts of ammonia (derived from 
amide nitrogen or putrefaction) probably occurs normally. 

The experiment clearly demonstrates the utilization of ammonia 
for amino acid formation in normal animals, and gives support to 
the frequently discussed hypothesis that ammonia is an inter- 
mediate in the process. 

The isotope content of the non-protein nitrogen from the differ- 
ent organs was only slightly higher than that of the proteins and 
of the “amide nitrogen”’ of the proteins. Hemin from the blood 
cells and creatine from the muscles showed an isotope content 
only just above the normal value. The finding with creatine is in 
agreement with our earlier results on feeding ammonia. 


EXPERIMENTAL 


Two male rats weighing 460 and 400 gm. were kept on the 
following diet: casein 15 per cent, corn-starch 68 per cent, yeast 
5 per cent, salt mixture (5) 4 per cent, cod liver oil 2 per cent, and 
Wesson oil 6 per cent. To this diet was added an amount of 
ammonium citrate corresponding to 26.4 mg. of nitrogen per day 
per animal for a period of 9 days. The ammonium citrate con- 
tained 2.00 atom per cent N” excess. The animals consumed an 
average of 22 gm. of dry diet per animal per day, corresponding to 
538 mg. of total N. The total nitrogen of the diet was calculated 
to contain about 0.11 atom per cent N“ excess. A sample of the 
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combined urine of the last day was collected. The total nitrogen 
contained 0.071 and the urea, isolated as the dixanthydry] deriva- 
tive, contained 0.065 atom per cent N®™ excess. The animals 
were killed at the end of the 9th day by exsanguination through 
heart puncture. Blood corpuscles, livers, kidneys, intestinal walls, 
and part of the total muscles were worked up separately. 

Isolation of Hemin from Erythrocytes—Sodium oxalate was 
added to the blood during collection; the corpuscles were centri- 
fuged off and washed once with saline solution. 5 ce. of corpus- 
cles were hemolyzed with 10 ce. of distilled water and added 
dropwise with stirring to 30 cc. of hot (95°) acetic acid containing 
asmall amount of NaCl. After cooling to 55° the hemin crystals 
were centrifuged off and washed with 1 per cent HCl. They 
were purified by dissolving in 0.3 cc. of pyridine and 0.6 cc. of 
chloroform. A small amount of undissolved material was centri- 
fuged off. The clear solution was added dropwise to a boiling 
mixture of 10 cc. of acetic acid and 0.1 cc. of concentrated HCl. 
The crystals formed after 24 hours in the refrigerator were washed 
with 1 per cent HCl. Yield 17 mg. N found 9.0 per cent, calcu- 
lated 9.1 per cent. The hemin contained 0.010 atom per cent 
N® excess. 


Treatment of Tissues 


Non-Protein Nitrogen—The intestinal tracts (from the pylorus 
to the anus) were opened with scissors, and the contents carefully 
removed by washing with large volumes of water. All the organs 
investigated were minced first with scissors, and then ground in a 
porcelain mortar and extracted three times with large quantities 
of 6 per cent trichloroacetic acid to remove non-protein nitrogen. 
Samples of the non-protein nitrogen and the protein nitrogen were 
used for isotope analysis. Creatine was isolated from the tri- 
chloroacetic acid extract of the muscles as potassium creatinine 
picrate, as described before (1). The product, 2.02 gm., was 
assayed colorimetrically for its creatine content; found 18.2 per 
cent, calculated 18.6 per cent. N (Kjeldahl after reduction with 
Sn and HCl) found 20.5 per cent, calculated 20.7 per cent. The 
isotope analysis was carried out after decomposition of the picrate 
with H,SO, and removal of picric acid by ether extraction. The 
creatine contained 0.009 atom per cent N™ excess. 

Protein Nitrogen—The proteins of the organs of the two animals, 
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livers (660 mg. of N), intestinal walls (295 mg. of N), and kidneys 
(130 mg. of N), were hydrolyzed with HCl and the different frac- 
tions or amino acids secured according to general methods de- 
scribed before (1, 2). The adaptation of these methods to the 
semimicroprocedures used in the present work will be described 
in a forthcoming publication. Glutamic acid and glycine (as 
hippuric acid) were isolated from the liver, as well as from the 
intestinal wall. Glutamic acid from liver gave N (Kjeldahl) 


TABLE I 


N*™ Concentration in Nitrogen of Protein Constituents of Rats Given 
Ammonium Citrate (N") 

















Atom per cent excess in 
Fraction Wall of 
Liver | intestinal) Kidney | Muscle 
tract 
Non-protein nitrogen................. 0.033 | 0.022 | 0.022 | 0.011 
Protein nitrogen. .................... 0.022 0.020 | 0.012 
Amide nitrogen of protein. ........... 0.022 | 0.019 | 0.019 | 
ED i Bs td cin axed abn im anied 0.026 | 0.013 | 0.038 
Combined dicarboxylic acids as barium 
Ea nas Sage cencthsteasber enna 0.0385 | 0.011 | 0.015 
<u. veceetsciekscuieien 0.046 | 0.022 
NS PS wav't bees badnceesvees tec 0.031 
Protein after removal of amide N, 
arginine, and dicarboxylic acids..... 0.014 | 0.009 
ek a sana adil bab’ ve em «4 0.019 | 0.011 | 











9.43, from intestine 9.38, calculated 9.52. Hippuric acid was 
recrystallized until the melting point was 189°. Arginine was 
isolated from the proteins of liver, intestine, and kidneys, as the 
flavianate. The flavianates were recrystallized from water and 
decomposed by butyl alcohol extraction of the acidified flavianate 
solution. The isotope analysis of arginine was carried out with 
the aqueous layer. Aspartic acid was isolated from the liver 
proteins. N (Kjeldahl) found 10.40, calculated 10.53. The 
determination of the nitrogen isotope in all fractions was carried 
out according to the method previously reported (6). 
The results are given in Table I. 
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SUMMARY 


Two adult rats were kept for 9 days on a normal stock diet 
containing 15 per cent casein with an addition of 26.4 mg. of 
ammonia nitrogen, in the form of ammonium citrate, per rat per 
day. The ammonia nitrogen, which represented 5.8 per cent of 
the total dietary nitrogen, was labeled by the isotope N™. 

The livers, the intestinal tracts, the kidneys, and the muscles 
were worked up separately. The proteins separated from the 
non-protein nitrogen fraction contained significant amounts of 
isotope. The proteins were hydrolyzed and various amino acids 
were isolated: arginine samples were obtained from all three 
proteins, glutamic acid and glycine from liver and from intestine, 
and aspartic acid only from liver. All these pure amino acids 
contained labeled nitrogen. 

Creatine was isolated from muscles and hemin from erythro- 
cytes. Both compounds contained an excess of isotope outside 
the limit of error of the analysis. 

The experiment clearly indicates that normal rats can utilize 
dietary ammonia for amino acid formation. 
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FROM FLAXSEED MUCILAGE 


By R. STUART TIPSON, CLARENCE C. CHRISTMAN, anv 
P. A. LEVENE 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, March 22, 1939) 


Indications of the presence of an aldobionic acid in the hydrol- 
ysate from flaxseed (linseed) mucilage were first obtained by 
Hilger' in 1903, and later confirmed by Neville.* 

Anderson and Crowder® succeeded in isolating the aldobionic 
acid, as its calcium and barium salts, and found it to be a com- 
pound of galacturonic acid with /-rhamnose. The /-rhamnose 
was definitely identified but the other moiety was only recognized 
as galacturonic acid. It remained for Niemann and Link‘ to 
prove conclusively that it was actually the d form of the uronic 
acid. 

By oxidation with hypoiodite, Anderson and Crowder trans- 
formed the aldobionic acid to the corresponding dibasic acid, 
which still contained uronic acid (as revealed by the naphthoresor- 
cinol test), and they were therefore able to assign to the aldobionic 
acid the structure of a galacturonido-l-rhamnose, tentatively 
suggesting that the biose link is at position 4 of the rhamnose 
residue, since position 6 is excluded and other positions of com- 
bination were unknown at that time. 

Examples of linkage at positions 2, 3, and 5 are now known*’ 


1 Hilger, A., Ber. chem. Ges., 36, 3197 (1903). 

* Neville, A., J. Agric. Sc., 5, 113 (1913); Chem. Trade J., 265 (1911). 

* Anderson, E., and Crowder, J. A., J. Am. Chem. Soc., 62, 3711 (1930). 

‘Niemann, C., and Link, K. P., J. Biol. Chem., 104, 205 (1934). 

5 Hirst, E. L., and Jones, J. K. N., J. Chem. Soc., 1174 (1938). 

* Percival, E. G. V., and Somerville, J. C., J. Chem. Soc., 1615 (1937). 

’ Haworth, W. N., Raistrick, H., and Stacey, M., Biochem. J., 31, 640 
(1937). 
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to occur in natural substances built up of sugar or uronic acid 
residues, or of both types of residue. Further investigation of the 
structure of the aldobionic acid was therefore desirable. 

The aldobionic acid was prepared from flaxseed mucilage by an 
improvement of the method of Anderson and Crowder,’ and the 
product then completely methylated to the methyl ester of the 
pentamethyl methylaldobionide. This fully methylated deriva- 
tive consisted of a syrupy mixture of a and 8 forms of the glyco- 
side (i.e., of the rhamnose moiety), but it was possible to isolate 
one form as crystalline material having a melting point of 93-94°, 

On hydrolysis with mineral acid, the syrupy and the crystalline 
portions gave rise to equimolecular proportions of the same two 
products; namely, a crystalline trimethyl galacturonic acid and a 
crystalline dimethyl rhamnose. 

The methylated uronic acid was recognized as 2,3, 4-trimethyl 
d-galacturonic acid® since, on condensation with methanol con- 
taining dry hydrogen chloride, it yielded the crystalline methyl 
ester of 2,3,4-trimethyl a-methyl-d-galacturonide previously 
described.° 

It seemed plausible that the dimethyl rhamnose moiety might 
be either 2,3- or 3,4-dimethyl rhamnose. Negative evidence, 
suggesting the latter as the structure, was derived from the ob- 
servation that the sugar showed no change in specific rotation on 
preservation of a solution of it in methanol containing 1 per cent 
of dry hydrogen chloride, during 20 hours at room temperature. 

The identity of the dimethyl rhamnose was established by com- 
parison of its properties with those of an authentic specimen of the 
3 ,4-dimethyl l-rhamnose previously known.” They had the same 
specific rotation and melting point, and a mixture of the two 
showed no depression of melting point. The identification was 
confirmed by transformation of the dimethyl rhamnose (from 
flaxseed mucilage) to the corresponding lactone. This was the 
same as the 3,4-dimethyl é-rhamnonolactone previously known."* 


* Tipson, R. S., J. Biol. Chem., 126, 341 (1938). 

* Levene, P. A., and Kreider, L. C., J. Biol. Chem., 120, 597 (1937). 
Levene, P. A., Tipson, R. 8., and Kreider, L. C., J. Biol. Chem., 122, 199 
(1937-38). 

1° Haworth, W. N., Hirst, E. L., and Miller, E. J., J. Chem. Soc., 2469 
(1929). 
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Further oxidation, with nitric acid, led to a dimethoxy hydroxy- 
glutaric acid (isolated as its crystalline dimethylamide), analogous 
to that described by Baker and Haworth" as formed by nitric 
acid oxidation of trimethyl l-arabofuranose. 

These observations clearly show that the uronic acid residue is 
the pyranose form of d-galacturonic acid and that, in the aldo- 





——CHOCH, 0o—— CH | 
H.C dime — H-C-OCH, | 
O H-C-OCH, CHO-C-H 0 
| CHO-C-H CH,O-C-H 
a H-C— 
CH; COOCH; 
Methy! ester of pentamethy! 2-d-galacturonido-methy]-l-rhamnoside 
| 
—CHOH cHon | 
ne H-C-OCH, | 
0 H-C-OCH, CHO-C-H 0 
| CH,O-C-H .° CH,O-C-H | 
—_* ‘sare 
CH; COOH 
3,4-Dimethyl 2,3,4-Trimethyl 
l-rhamnose d-galacturonic acid 


bionic acid, this is attached by a glycosidic link to position 2 of 
the rhamnose residue. The aldobionic acid from flaxseed mucilage 
may therefore be formulated as 2-(d-galacturonopyranosido)-l- 
rhamnose. Depending on the conditions, the rhamnose moiety is 
free to function either as a furanose or a pyranose. 


" Baker, S., and Haworth, W. N., J. Chem. Soc., 127, 365 (1925). 
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EXPERIMENTAL 


Preparation of Ash-Free Flaxseed Mucilage—The whole flax- 
seed was soaked in distilled water for 2 days and the mucilage then 
separated from the seed by pressing through a wire sieve (No. 16 
mesh). The mucilage was now filtered through fine cheese-cloth 
in order to remove particles of whole seed, precipitated with 
alcohol, squeezed free of solution, and soaked in alcohol until no 
longer sticky. The product contained a large amount of ash 
which was removed by the following treatment. 

The dried, stringy, tough substance was dissolved in boiling 
1 per cent hydrochloric acid, the solution allowed to stand during 
15 minutes at room temperature, and the material then precipi- 
tated by the addition of 3 volumes of absolute ethyl alcohol. The 
product was a fine amorphous powder (no longer stringy), which 
was filtered off and dried with absolute alcohol and dry ether. 
The average yield from 50 pounds of whole flaxseed was about 
750 gm. 

Hydrolysis of Ash-Free Flaxseed Mucilage with Dilute Sulfuric 
Acid—A mixture of 1.5 kilos of dry, powdered, ash-free flaxseed 
mucilage with 1 liter of charcoal was added to 12 liters of 4 per 
cent sulfuric acid and the suspension was heated on a steam bath 
during 9 hours. The hot mixture was then treated with hot ba- 
rium hydroxide solution until no longer acid to Congo red but 
acid to blue litmus. The remainder of the acid was neutralized 
with barium carbonate. The mixture was now filtered and the 
precipitate stirred for 1 hour with 8 liters of hot water and the 
suspension filtered. 

The combined filtrates were concentrated to 1.5 liters and then 
precipitated, with vigorous stirring, by slowly adding 3 liters of 
absolute ethyl alcohol (all mother liquors being saved). The 
precipitated syrup was dissolved in 1 liter of water and par- 
tially precipitated with 500 cc. of alcohol. The black, tarry, 
precipitated syrup was discarded and the material in the mother 
liquor precipitated with 2 liters of alcohol. The syrup was re- 
precipitated by dissolving in 1 liter of water and adding 2 liters of 
alcohol. 

This purified syrup was dissolved in 500 cc. of water, stirred 
overnight with charcoal, filtered, and the filtrate poured into 2.5 
liters of alcohol. The precipitated amorphous powder was cen- 
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trifuged off, shaken well with absolute alcohol, and again cen- 
trifuged. The product was stirred for 1 hour with 1 liter of abso- 
lute alcohol, filtered, washed successively with absolute alcohol 
and dry ether, and then dried for 24 hours in the vacuum oven 
at 80°. Yield 105 gm. A Willstitter estimation gave an average 
molecular weight of 470 to 480. (CjzHwO.,Ba,;, calculated 408.) 

The aqueous alcohol mother liquors from the above material 
were concentrated to dryness, dissolved in 500 ce. of water, and 
precipitated with 1.5 liters of alcohol. This syrup was precipitated 
twice more in the same manner and then dissolved in 300 cc. of 
water and poured into 1500 cc. of aleohol. The product was now 
isolated as above, giving a second crop of 55 gm. of the barium salt 
having an average molecular weight of 450 to 460 on the basis 
of a Willstatter estimation. 

These two fractions were then combined and used in the sub- 
sequent experiments. 

When the ash-free flaxseed mucilage was hydrolyzed during 
18 to 20 hours with 4 per cent sulfuric acid according to the direc- 
tions of Anderson and Crowder,’ a barium salt was obtained 
which had a molecular weight (by Willstitter’s method) of 410, 
which is close to the calculated value (408). However, when this 
material was methylated as now described, it was found to con- 
tain 60 to 70 per cent of monose, whereas the material obtained 
after hydrolysis during 9 hours contained only 10 to 15 per cent 
of monose. The Willstitter method evidently does not give the 
correct value in the case of this substance and treatment during 
18 to 20 hours hydrolyzes the aldobionic acid to a great extent. 

Methyl Ester of Pentamethyl Methylaldobionide from Flaxseed 
Mucilage—15 gm. of the barium salt of the aldobionic acid from 
flaxseed mucilage were dissolved in 50 cc. of water and almost 
quantitatively freed from barium with sulfuric acid. Care was 
taken to leave about 2 to 3 per cent of the barium, in order to 
avoid the presence of free sulfuric acid. The barium sulfate was 
removed and the solution concentrated to dryness. The free 
aldobionic acid was separated from the small amount of barium 
salt by extracting with warm methanol, filtering, and evaporating 
the filtrate to dryness. 

The free acid was methylated with sodium hydroxide and di- 
methyl sulfate according to the directions of Levene and co- 
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workers." Yield 6.1 gm. The substance was then esterified 
with diazomethane, methylated five times with Purdie’s reagents, 
and the product distilled at a pressure of 0.1 to0.2mm. A small 
portion (0.5 gm.) of low boiling methylated monose derivative 
was obtained at 130-135°, while the main product (4.1 gm.) 
distilled at 165-169° (bath temperature, 170-175°). This main 
product was then redistilled and had a composition agreeing ap- 
proximately with that calculated for the methyl ester of a penta- 
methyl hexuronido-methylmonodesoxyhexoside. 


2.805 mg. substance: 27.08 cc. 0.01 N sodium thiosulfate 
CisH3,0;;. Calculated, OCH; 49.55; found, OCH, 49.91 


This glassy syrup was dissolved in 30 to 40 cc. of hexane and, 
upon slow spontaneous evaporation, the substance crystallized. 
Total yield of crystals, 1.4 gm. The crystalline product had a 
composition agreeing with that calculated for the methyl ester of 
a pentamethy! hexuronido-methylmonodesoxyhexoside. 


5.670 mg. substance: 10.790 mg. CO, and 3.990 mg. H,O 


3.227 “ - : 30.92 ce. 0.01 N sodium thiosulfate 
C,sH3,0;;. Calculated. C 52.02, H 7.8, OCH; 49.55 
Found. * 51.90, “7.8, ‘* 49.54 


The substance was recrystallized many times from hexane but a 
constant melting point was never obtained, although the composi- 
tion remained unchanged. 

The crystalline methyl ester of pentamethyl methylaldobionide 
had a rather indefinite melting point at about 93-94° and the 
following specific rotation. 


[alp = a = +129.8° (in water) 
The syrupy methyl ester had n> = 1.4675. 

Hydrolysis of Methyl Ester of Pentamethyl Methylaldobionide— 
The course of hydrolysis at 100° of a 2 per cent solution of the 
crystalline methyl ester of pentamethyl methylaldobionide in 7 
per cent aqueous hydrochloric acid was studied polarimetrically. 


Under these conditions, the initial specific rotation of the solution 


12 Levene, P. A., Meyer, G. M., and Kuna, M., J. Biol. Chem., 126, 703 
(1938). Levene, P. A., and Kuna, M., J. Biol. Chem., 127, 49 (1939). 
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({a]?? = +130.0°) showed a smooth change as follows: +119.6° 
(30 minutes), +111.2° (1 hour), +97.0° (2 hours), +86.4° (3 
hours), +78.5° (4 hours), +73.4° (5 hours), +71.3° (6 hours), 
constant thereafter. (The rotation of an equimolecular mixture 
of 2,3 ,4-trimethyl galacturonic acid® and 3 ,4-dimethyl rhamnose"® 
is calculated to be +70°.) 

The solution, from 4 gm. of methylglycoside methyl ester, 
was cooled to room temperature and the hydrochloric acid neu- 
tralized by addition of silver carbonate. The precipitate was 
centrifuged off and washed several times by shaking with water 
and centrifuging. 

The solution and washings were combined and hydrogen sulfide 
was passed into the solution until all the silver had been precipi- 
tated. The mixture was then aerated, filtered, and the filtrate 
evaporated under diminished pressure to a volume of 125 ce. 

A slight excess of barium carbonate was now added and the 
mixture was warmed at 60° until the solution was neutral to litmus. 
The mixture was then filtered and the filtrate evaporated under 
diminished pressure to a yellow glass (weight, 4.5gm.). This was 
thoroughly extracted with fifteen portions (100 ec. each) of boiling 
dry ether under a reflux condenser. The ether extracts were 
united and evaporated to dryness under diminished pressure, 
giving a colorless crystalline mass (weight, 1.5 gm.). This crystal- 
line material was recrystallized from ether-pentane and then had 
a melting point of 94-95°, n?° = 1.4711 (in the superfused state), 
and the following specific rotation. 

+0.36° X 100 


la]p = skeen +18.2° (equilibrium, in water) 


It had the following composition. 


5.402 mg. substance: 9.890 mg. CO, and 4.070 mg. H,O 
3.889 “ 44 : 24.22 ec. 0.01 N sodium thiosulfate 
CsH,O;. Calculated. C 49.97, H 8.4, OCH, 32.30 
Found. * 40.93, 8.4. “ 32.20 


The properties previously recorded"® for authentic 3 ,4-dimethy] 
rhamnose are, m.p. = 91-92° and [a]” = +18.6° (equilibrium, 
in water). 

In methyl alcohol containing 1 per cent of dry hydrogen chloride 
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the sugar had [a]#” = —8.8° (c = 1.02), and this value remained 
constant during several hours at room temperature, indicating 
that there was no free hydroxyl group at carbon atom (4). 

After removal of the dimethyl rhamnose, by extraction with 
ether, the residue consisted of the barium salt of trimethyl galac- 
turonic acid. This material was dissolved in water and the barium 
removed quantitatively by adding N sulfuric acid dropwise. 

The barium sulfate was removed by centrifuging, the precipi- 
tate washed several times by centrifuging with water, and the 
combined solutions evaporated under diminished pressure to a 
volume of 25 cc. This solution was then extracted with four 
portions (50 cc. each) of chloroform, the chloroform extract dried 
with anhydrous sodium sulfate, filtered, and the filtrate evaporated 
to a colorless glass, which was obtained crystalline from ether. 

As the product was difficult to purify, it was identified by trans- 
formation to its methylglycoside methyl ester. 

Preparation of Methyl Ester Methylglycoside of Trimethyl Galac- 
turonic Acid—aA 1 per cent solution of the trimethyl galacturonic 
acid in methyl alcohol containing 1 per cent of dry hydrogen 
chloride was gently boiled under a reflux during 6 hours. 

The solution was then cooled and rendered neutral by the addi- 
tion of dry silver carbonate. The mixture was filtered and the 
filtrate evaporated to dryness under diminished pressure, giving 
a quantitative yield of colorless, glassy substance. It was readily 
obtained crystalline by dissolving in dry ether, filtering off a trace 
of insoluble material, and evaporating the filtrate in a dish at 
room temperature. It separated in large square platelets which 
were filtered off, washed with a little ether, and dried. M_p. 
= 70°. 

It had the following composition. 


5.201 mg. substance: 9.510 mg. CO, and 3.570 mg. H,O 


2.800 *“ 6: : 31.73 ec. 0.01 N sodium thiosulfate 
C,,H2O;. Caleulated. C 49.97, H 7.6, OCH; 58.72 
Found. ** 49.87, “7.7, “ 68.80 


Its specific rotation was as follows: 


$3.56" X 100 | +149.0° (in acetone) 





lalp = 


2X 1.202 
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The properties previously recorded® for the methyl ester of 
2,3,4-trimethyl a-methyl-d-galacturonide are m.p. = 70.2-70.3° 
and [a]2” = +149.3° (in acetone). 

Oxidation of Dimethyl Rhamnose (from Aldobionic Acid) with 
Bromine—To a solution of 0.5 gm. of crystalline dimethyl rham- 
nose in 10 ec. of water was added 0.5 cc. of bromine. The mixture 
was kept in a glass-stoppered Erlenmeyer flask during 24 hours at 
room temperature. The brown solution was then aerated until 
colorless and sufficient silver carbonate was added to neutralize 
all the mineral acid. The mixture was filtered, the precipitate 
washed with water, and excess hydrogen sulfide passed into the 
combined filtrate and washings. The mixture was aerated, 
filtered, and the filtrate evaporated to dryness. The product was 
dissolved in dry ether, filtered from a trace of insoluble material, 
and the filtrate evaporated to dryness, giving a colorless, crystal- 
line mass. 

It was recrystallized by dissolving in 5 cc. of dry ether, adding 
20 ce. of pentane, and allowing to stand in the refrigerator, where- 
upon it separated as a mat of long, fine colorless needles having a 
melting point of 76-77° and the following specific rotation. 

la]> = oy ral = —158.5° (initial, in water) 
changing to —120.5° (50 hours), and —116.1° (92 hours), constant 
thereafter. 


It had the following composition. 
5.514 mg. substance: 10.195 mg. CO; and 3.600 mg. H.O 


3.299 ‘ sa : 20.80 cc. 0.01 N sodium thiosulfate 
CsH,,Os. Caleulated. C 50.50, H 7.4, OCH; 32.64 
Found. “S28. "74 “ ee 


The properties previously recorded"® for 3 ,4-dimethyl 6-rham- 
nonolactone are m.p. = 66-68° and [a]?* = — 153° (initial value, 
in water), changing to the constant value of —119° after 86.5 
hours. 

Oxidation of Dimethyl Rhamnose (from Aldobionic Acid) with 
Nitric Acid—0.45 gm. of crystalline dimethyl rhamnose (from 
flaxseed mucilage) was dissolved in 8 cc. of concentrated nitric 
acid (d = 1.42) and the oxidation conducted exactly as previously 
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described for the oxidation of trimethyl xylulose."* The product 
was esterified and the ester treated with a solution of methylamine 
in methanol. Colorless crystals of the dimethylamide were ob- 
tained, having the following composition. 


2.762 mg. substance: 4.705 mg. CO, and 1.900 mg. H,O 


3.300 * - : 0.332 ec. Nz (768 mm. at 27°) 
C,H; sO3N2. Calculated. Cc 46.12, H 7.8, N 11.97 
Found. “© 46.45, “ 7.7, * 11.87 


Preparation of 3,4-Dimethyl |-Rhamnose from |l-Rhamnose— 
Since the yield at each stage of the preparation was greatly im- 
proved by appropriate modification of the methods of earlier 
workers, our method will be briefly described. 

50 gm. of rhamnose hydrate were suspended in 200 cc. of dry 
pyridine. 200 cc. of acetic anhydride were added and after about 
5 minutes at room temperature, the suspension was cooled some- 
what inice. After 15 minutes the sugar had dissolved completely. 
The solution was then cooled to 25° and allowed to stand overnight 
at room temperature. 

The solution was now evaporated under diminished pressure to 
a syrup weighing 120 gm. This was poured, with stirring, into 
1 liter of filtered ice water. The precipitated syrup was dissolved 
in chloroform and the aqueous layer extracted several times with 
chloroform. The combined chloroform solution was washed 
successively with ice-cold dilute sulfuric acid, ice water, dilute 
sodium bicarbonate solution, and ice water. It was dried with 
anhydrous sodium sulfate, filtered, and the filtrate evaporated to 
dryness, giving a practically quantitative yield of syrupy tetra- 
acetyl rhamnose. (Previously recorded yields, 75 per cent, 80 
to 85 per cent.') 

The tetraacetyl l-rhamnose was then converted to the bromo- 
triacetyl derivative as described for the preparation of bromo- 
tetraacetyl mannose,” giving a yield of 96.5 per cent of the theo- 
retical of dry, crystalline product. (Previously recorded yields, 
65 per cent," 85 per cent.'®) 


18 Levene, P. A., and Tipson, R. 8., J. Biol. Chem., 120, 607 (1937). 
4 Fischer, E., Bergmann, M., and Rabe, A., Ber. chem. Ges., 63, 2362 


(1920). 
18 Levene, P. A., and Tipson, R. 8., J. Biol. Chem., 90, 89 (1931). 
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By the following method, the bromoacetate was transformed to 
3,4-diacetyl 1 ,2-methyl-orthoacetyl rhamnose, a yield of 76.5 per 
cent of the theoretical of dry, crystalline product being readily 
obtained. (Previously recorded yields, 20 to 40 per cent," vari- 
able up to 50 per cent but usually about 20 per cent,'® 45 per 
cent."*) 

To 10 gm. of dry, crystalline bromotriacetyl l-rhamnose was 
rapidly added a solution of 4 ce. of quinoline (dried over barium 
oxide) in 20 cc. of dry methanol, the mixture was rapidly swirled 
until all the crystals of bromoacetate had dissolved, and then the 
solution was kept at room temperature, with the exclusion of 
atmospheric moisture, during 90 minutes. 

The solution was now diluted to 75 ec. with dry methanol and 
a considerable excess of silver acetate was added. The mixture 
was filtered with suction through a thin layer of silver acetate and 
the precipitate well washed with methanol. The combined fil- 
trate and washings were evaporated to dryness under diminished 
pressure to a thick syrup, which was dissolved in chloroform, 
diluted to 1 liter with chloroform, and the precipitated silver 
acetate removed by filtration. Evaporation of the chloroform 
solution under diminished pressure gave a pale yellow syrup, 
which was dissolved in 10 ce. of warm methanol. 10 cc. of water 
were added to the solution and, on standing in the refrigerator, a 
first crop of 4 gm. of crystalline product was deposited. 

The mother liquor was evaporated to dryness, dissolved in 
chloroform, and the chloroform solution shaken successively with 
water, dilute sodium bicarbonate solution, and water. It was 
dried with anhydrous sodium sulfate, filtered, and the filtrate 
evaporated to dryness. Ten separate portions (50 cc. each) of 
water were now added, the mixture being evaporated to dryness 
before each new addition. In this way, the major part of the free 
quinoline was removed. 

The resulting syrupy product was now dissolved in a little dry 
ether and a large volume of pentane was added. On standing in 
the refrigerator, a second crop of 2.6 gm. of crystalline product 
settled out. The total yield of crystalline product amounted to 
76.5 per cent of the theoretical. 


% Haworth, W. N., Hirst, E. L., and Samuels, H., J. Chem. Soc., 2861 
(1931). 
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The 3,4-diacetyl 1,2-methyl-orthoacetyl rhamnose was then 
deacetylated in the usual manner, with a solution of ammonia in 
methanol, to give a quantitative yield of the orthoacetate. The 
product was methylated and hydrolyzed as described by Haworth 
and coworkers” to give 3,4-dimethyl rhamnose having a melting 
point of 94-95° and other properties as described by these authors. 























STATISTICS OF SOME BIOCHEMICAL VARIABLES ON 
HEALTHY MEN IN THE AGE RANGE OF TWENTY 
TO FORTY-FIVE YEARS* 


By E. MORTON JELLINEK anv JOSEPH M. LOONEY 


(From the Memorial Foundation for Neuro-Endocrine Research and 
the Research Service of the Worcester State Hospital, Worcester) 


(Received for publication, February 16, 1939) 


In the course of investigating the organic characteristics of 
schizophrenic patients the need for adequate control material 
arose. A survey of the data on control normals available in the 
biochemical and clinical literature led us to build up our own 
controls. The reasons for this are as follows: (1) For some 
variables the only data available on normal controls have been 
established by techniques which have become obsolete. (2) The 
normal controls most frequently referred to in the literature have 
been so called hospital normals, 7.e. convalescent patients, prison- 
ers in whom the effect of institutionalization may have been 
reflected, or college freshmen who are largely in the growing state. 
All these are biased samples.’ (3) For some biochemical variables 
not more than six or eight normal controls have been tested in a 
given laboratory. Although determinations on twenty-five to 
thirty subjects could be obtained by combining the data gathered 
by different investigators, such combinations do not seem to be 
legitimate owing to the incomparability of either the biochemical 
techniques or of the test conditions. (4) Commonly tests on 
normal controls have been carried out in a period of a few weeks. 
When the variable under investigation is liable to seasonal fluctua- 
tions, this clustering of tests may reflect the bias of the testing 
season. (5) Within a given sample, testing conditions have 
frequently been found not to be constant. Thus some subjects 

* This investigation was financed in part by a grant from the Rockefeller 


Foundation. 
1 Throughout this paper sample is used in the standard statistical sense. 
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were tested under basal and others under non-basal conditions. 
Furthermore, many reports contain insufficient information as to 
testing conditions. (6) With few exceptions norms have been 
established on one determination per subject, or repetitions when 
made have been reported as averages per individual, so that no 
estimate can be obtained of that variation which takes place 
within the individual himself. (7) Only rarely have more than 
four or five different biochemical variables been tested on the same 
normal subject. 

Our first control subjects were volunteers from hospital physi- 
cians, research workers, medical students, and attendants. These 
men, who were in good health, had an age range from 20 to 45 
years, and, but for the fact that most of them had more or less 
sedentary habits, the sample is not biased. The measurements on 
these volunteers, however, were unsatisfactory, inasmuch as the 
convenience of the volunteers had to receive much consideration. 
Neither was it feasible to repeat measurements of the same vari- 
able nor to obtain measurements of many variables on the same 
subjects. Single measurements of two or three variables were 
made on one group (of from twenty-five to thirty-five men) and 
then another group had to be recruited. 

A grant from the Rockefeller Foundation made it possible to 
hire thirty normal controls. These men were also in the age range 
of 20 to 45 years. They were subjected to a searching physical 
as well as psychiatric examination. Only men free of any detect- 
able organic disease and of frank neurosis were included among 
the experimental subjects. The normal controls lived for 8 weeks 
in the hospital and a large number of biochemical, clinical, and 
psychological tests were carried out with two to twelve repetitions 
on each subject. The admission of normal controls was spread 
over a full calendar year, and thus any possible seasonal fluctua- 
tions were compensated in the mean values. 

During their stay in the hospital the activity and diet of all the 
men were approximately the same. All tests were made under a 
“basal’”’ condition, that is, in a state of postabsorption and com- 
plete physical relaxation. 

The statistics pertaining to forty biochemical variables are 
presented here in Table I. For estimates of the variation taking 
place within the individual himself, only the results on the hired 
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“professional”’ subjects can be used. The number of such sub- 
jects used differs from one variable to another, since only those 
subjects can be considered on whom the results of determinations 
on all repetitions were valid. Since, however, there may be some 
interest in statistics from a larger sample, the data from the 
volunteer subjects and the “professionals’’ have been combined 
for part of the variables, and simple statistics pertaining to this 
merged group are given under the heading “Large sample” in 
Columns 2 to 5 of Table I. Merging of samples was performed 
only when statistical tests justified such a procedure. The more 
detailed statistics of the “‘professionals’’ are given under the 
heading “‘Small sample” in Columns 6 to 13 of Table I. 

The standard deviation /S(z — #)?/n —1 (Column 5) refers 
to the scatter of one reading per individual around the group 
mean. The standard deviation “between means of individuals’’ 
(Column 11) measures the scatter not of single readings but of 
the average readings of individuals around the group mean. The 
“within individuals” standard deviation (Column 12) is an esti- 
mate of the average variation of an individual around his own 
mean. The magnitude of this “within individuals” standard 
deviation should give one an idea of the consistency of the individual 
relative to the variable under investigation. However, different 
variables are measured in different units and thus it is not possible 
to compare the “within individual” standard deviation of one 
variable with that of another variable in order to determine which 
variable shows greater consistency. For this purpose some 
abstract value is required. In Column 13 we give such abstract 
values in the form of the intraclass correlation coefficient. This 
coefficient measures the closeness of values on repetition, and the 
coefficients are comparable for all variables. A coefficient of +1 
would signify that all values were absolutely identical on repeti- 
tion.? Other, and even more adequate criteria of consistency 
could be used, but they would require much explanation to be 
feasible. 

While it is not intended to compare the findings presented here 
with findings of other laboratories, nor to discuss the contents of 
Table I, we should like to enlarge on some principles involved in 


* The commonly used interclass correlation coefficient measures the 
consistency of relationship but not closeness of the values. 




















gg | o'89 — L°6F | eg lag loco %g00 (6) snoue, 










































zo loz let | 219 19 |Z lee! sz | 

00°0 |Z |Z | Le - 8'OF o¢ | 9 | 2 8% '% "70a *(6) Tete “OD 

6e°0 | FS | Sl | OFT -O'F | 2°01) 9 |S es\|6e |SZt-OF |9OR “ZW %'104 *(6) snows, 

0 (0% | St | 8 %-s' Or Sieiteee- t. ~--7E. Lee " %,"poa *(6) [et1ez78 “*O 

cc'O | It!| OL] 96h Zé Zor 9 | 2 9% "yy OOT vy oy “(8) septoTyD 
p e'0 $80 SZ O 88h 822 |G! | 912 °° "99 O01 sad ‘bu (1) snioydsoyg 
= Ire |6S8I-Lb | L6 (1% 99 OOF sad “bw |‘N pourutiezepuy 
so 2100-600 900 SFI -I0OT 81 | 9 208 WO SI -f0 GO 69 \°',, OO », +» (9) ,, PutunwoID 
- 91t'0 91 k. OT cI oe a ” oor ” ” *(9) ” oulzBaly) 
> o¢ 0 SL = ¢’¢ £9 £Z% "gy 0or ” ” *(¢) ” ” oullly 
— 680 260 OFO Leh 661 Of 9 | 208 080 OFF OT | ZS (19 | 99 COT 4ad ‘bw “(t) N pre oy 
S 10 [OOT eT | 1'0e- 2°01 tl 9 |2 08 09 IT 062-901 | OST [19 | ‘99 QOT 40d “bu ‘(g) N Ben 
¥- 61°0 09% (02% | £68 - O'2z z|9\|zioetcac | z- wise |’ sche Sake Salada oe ay 92 0OT 
sh dod ‘bw ‘(Z) N Utezosd-uou [eo], 
S wo lots se Itl- 09 O88 2% 4 29 IlI- 09 F'16 8¢ ‘99 QO 4ad “Bue ,‘({) 183g 
— | “aya | 
- Poolq eOUM 
= (er) | (| GD (or)  |@|@mli@!| @ () (s) {| (2) | (1) 
RR SB “Apes. OS a | sh 
3 = ia 4/ ZZ Z 
B Fe) Sei qi 4 
8 “Se FE ae e8uryy uve ee a] 5] ‘as esury uve, 5 
nD 5 | Ss Bs se = ? o1quisw 

Bs] | #8 e6| > 
(q9efqne sed suon;ede1 snotwa) ojd ures [jwurg [dures e810] 














8]04]U0D JDWLON U2 $9/QDILD 4 JDIIWAIYI0Ig fo saxbuDY puD ‘suo1;DIeq ‘pavpunig ‘suva jy > 
] a1avy, 


624 






t 


'™ 


E. M. Jellinek and J. M. Looney 


9¢ 


| 
a wo 


t= 


~ 
— 


6 
a | 


O&e- 
Z89- 


6G 


oe 
o oO 
NN 


_ 
N 


ee 


N 


N 








4 
ao 
— 
Bo 


1% 
1% 


1Z 


IZ 
12 


8I 
91 
1% 


1% 
12 








"°° "99 OO] 4ad “wb *(¢{) urungTy 
dap ‘29 
00T 40d ‘wb ‘(c{) ulejzoid [Rjo] 
‘99 OOT 49d “Bw | ‘jo1948a]0Y9 1948q 
Cee eee rege 
O01 49d “Bue ‘(H[) [OLAQSeA]OYO 901g 
O8T |Z id: *"*99 0OT 
tod ‘Bw =‘(F[) JOssysefoYyO [BIO], 
"99 OO] 49d ‘bu ‘(¢g1{) spidyoydsoyg 
“°° "99 QoT 4ad “bw ‘(¢]) pidi [eo 


‘.0°8¢ ‘(ZI) snoue, 
‘0°88 ‘(Z1) [eeqae ‘yd 


ze leg i “29 OOI 
Jad ‘bu ‘({[) snousa ‘paonpeyy 
sl ‘29 OOJ sad ‘Bu 

‘(LI) [et49448 ‘paonpas ‘auoryyeynyy 

ir OF” os ; 999 

oot dad ‘bw ‘({[) snousa ‘[ejo7, 
‘22 OOT sad “bu 

‘(II) [esq ‘78303 ‘euoTyyEyN[y 
POL 68 ‘99 OOL 4ad “bw ‘(Q[) snous, 
ge ye 29 OO! 


sad “bu ‘(o1) [Bli0q18 ‘plow o1N08'T 

















Statistics of Biochemical Variables 


626 


re 0 


61°0 0 (LL Tt -90°0 (€2°0 z 
9°0 600 800 S80 -% 0 490 | @ 
%0 sto If0 Let -t1'O0 ZrO z 
ze0 O10 600 820 -200 S10 | @ 
ero WI Sst |S ot-O9 S86 | @ 
40 | FZ |S G82 -ZI9 | GIL) @ 
16°0 | Fe | 9I- ge) o£ T 
wo Sb (6G «69S OF GIS) 6LE OD 
Oro L410 600 Tet Oe T GST | 9 
€ O0O-|I8'T €2°0  O0@%- EFL | FEI OD 
10 of 0 80 | SIL-96 | FOr) 9 
tO 0OT 080 292 -OF TL Oe | 9 
“syn 

“(ep | «ap | am | (ol) (6) | @) 
> z p | 3 
Pas ao ass a3 
Fee Ze 23 $8 
"EE| fe |ese| mu | oon EE 
s sos |oz 

f3| F| 8 "8 


(qoe[qnes sed suorzedes snoia) ofdures |peurg 





of 
els 
fin 
int 


ste 


7 
nN 


Te 





‘asousdsegip Aq } 
*peqto paca died ont ul pany ore oe wr OUL « 


F \lZ 0 08'tT -90°0 |1Z'0 zg “wb 4! N [8npisoy 
b 8% Oro og" 0 -€ 0 (L¢g°0 he m5 ‘($Z%) N ouruiywearg 
FZ S10 \2bT +10 ZO ase ‘wb ‘(€%) N winquourury 
F ZZ \90°0 $20 -20°0 SIO ee | “mB s ‘61) N prow ou 
b \lZ st | 91-09 | 96 (es wb ‘(1Z ‘61) N Ball) 
P 8% £°% vy @ - - bt o |G it it ‘mB ‘(0% ‘61) N UO 
oi be outs) es ee 
Zz 0Z ‘99 sad “mud 
* (81) (OO 88) esBsezse oUljoYyD 
z 9% te gonpoid g:¥O 
ee WR I O1yel BOY 
|Z |S ‘29 QO] sad “Bu ‘(241 UINISSBIOg 
Z 6z ‘99 OO 4ad “bu *(g{) wiNIo[BD) 
Z & ‘99 OO 4ad ‘wb | Sulpnqoyry 
papnjau0e) —uindag d ediade 
wie! @ | (¥) | (ge | ae) 
a7 | le? 
Le Ee. Fe, 
Ss - n+ -- 
ag 5 a’s osury uve | oS) 
is & | & aqqrue, 
hunters 








‘popnjau0)— | a1avy, 

















E. M. Jellinek and J. M. Looney 627 


the evaluation of these statistics, as well as in the method of 
gathering such data. 

Great caution must be exercised in using ranges for norms. 
Not infrequently ranges determined on small samples have been 
used as the limits of normality in clinical medicine. First, the 
range of a distribution is a rather unstable statistic, and second, 
whereas the estimates of the mean and of the standard deviations 
are affected in their reliability but not in their actual values by 
the size of the sample, the range depends largely on this factor. 
In Table II are given mean ranges for various sized samples. 

Table II hardly requires discussion. It is evident that ranges 
obtained from small samples cannot serve to establish the limits 


TaBLe II 
Mean Ranges of Samples of Various Sizes Drawn from a Normal 
Universe Having a Standard Deviation of 10 Units 
This table has been computed from Table XII of Pearson (25). 


Sample size Mean range Sample size Mean range 
2 11.28 40 43.22 
3 16.93 50 | 44.98 
4 20.59 100 50.02 
5 23 .26 200 54.92 
10 30.08 300 57.56 
20 37.35 500 60.73 
30 40.85 1000 64.83 


of normality. Variation should generally be expressed in terms 
of the variance or of the standard deviation. 

In evaluating the variation within the individual the time 
elapsing between repetitions must be considered. Usually one 
finds that the greater the time interval the greater is also the 
intraindividual variation. Below are given “‘within individual”’ 
standard deviations for oxygen consumption tests, 2 days, 34 
months, and 7 months apart. 


52 individuals, 2 tests each 8.p. within individuals 
calories per 24 hrs. 
2 days apart... 120 


—— oo ... : 138 
7 “¢ + ae 169 
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It is evident that the time interval between repetitions must be 
the same for all individuals and it is advisable to state the interval 
in connection with the “within individuals” standard deviation. 
The standard deviation “between means of individuals,”’ however, 
is generally not affected by the time interval between repetitions. 

Factors which influence the variation among individuals are 
test conditions such as basality or non-basality. In the latter, 
although the group mean may not be affected, the variation from 
subject to subject is usually increased owing to the differing degrees 
of non-basality. For venous lactic acid we have found in the basal 
state a standard deviation among individuals of 4.6 mg. per 100 
ec., and in the non-basal state a standard deviation of 7.1. Re- 
duction of the standard deviation “between individuals’ is 
important, since it increases the reliability of the mean value. 

Another important point is that in estimating the “within 
individuals” standard deviation it is necessary to determine 
whether a systematic shift has occurred between the means of 
repetitions. Such a shift may be due to season, but it may be 
also due to habituation to the test. The latter is the case with 
variables which are influenced by emotion. The blood sugar 
during fasting may show such a habituation trend on repetition. 
If a trend is present, the “‘within individuals” standard deviation 
may become exaggerated. If this trend is significant, one may 
correct for the variation due to the trend among the means of 
repetitions and determine the residual variation. This residual 
variation may be regarded as the “net within” variation. 

The standard deviations in Columns 11 and 12 of Table I have 
been derived from estimates of the “between individuals” and 
“within individuals” variances respectively, isolated in analyses 
of variance.* In order to transform the “between individuals” 


k 
* The formula for the “between individuals’’ variance is nS (Zu — £)*/ 


k — 1; this divided by n is the variance between the means of individuals 


and thus the standard deviation between means of individuals is 
kn 


k 
(S@ — £)?/k— 1). The “within individuals’’ variance is SS(x — 3)? / 


k(n — 1). k denotes the number of classes of individuals and n denotes 
the number of observations per class or per individual, so that kn is the 


total number of observations; z is any observation; ? is the mean of the kn 
7 


readings and 2, is the mean of any given class or individual. s stands for 
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variance into the variance between the means of individuals, the 
former variance was divided by the number of readings per in- 
dividual (Column 7). The square root of this adjusted variance 
is the standard deviation between the means of individuals. The 
“within individuals” variance as obtained in the analysis of 
variance naturally does not require any adjustment, and its 
square root is the “within individuals” standard deviation. 
Thus, by retracing these steps the standard deviations of Columns 
11 and 12 can be transformed back into the original estimates of 
the analysis of variance, and tests of homogeneity, that is, tests 
of the significance of the difference of “between” and “within” 
individuals variances, can be performed. Since the number of 
individuals as well as the number of readings per individual is 
reported in Columns 6 and 7, the “degrees of freedom”’ are easily 
computed, and the significance of the differences or of the ratios 
of the variances can be tested by using the appropriate tables. 
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RADIOACTIVE PHOSPHORUS AS AN INDICATOR OF 
PHOSPHOLIPID METABOLISM 


VI. THE PHOSPHOLIPID METABOLISM OF NEOPLASTIC 
TISSUES (MAMMARY CARCINOMA, LYMPHOMA, 
LYMPHOSARCOMA, SARCOMA 180) 


By H. B. JONES, I. L. CHAIKOFF, ann JOHN H. LAWRENCE 


(From the Division of Physiology of the Medical School and the Radiation 
Laboratory, University of California, Berkeley) 


(Received for publication, March 14, 1939) 


Attempts to determine the rate of phospholipid turnover in 
tumors have been few, owing to the lack of adequate methods for 
such studies. Employing elaidic acid as a tagged fat, Haven (1) 
showed that the rate of incorporation as well as loss of this fatty 
acid occurs at a slower rate in tumor (Carcinosarcoma 256) 
phospholipid than in liver phospholipid. As shown in previous 
reports from this laboratory (2-4), radioactive phosphorus pro- 
vides a new means of identifying the rate of phospholipid turnover 
in a tissue or organ. This method has been employed here for 
measuring phospholipid metabolism in tumors. Four types of 
mouse tumors were investigated, namely a mammary carcinoma, 
a lymphosarcoma, a lymphoma, and Sarcoma 180, for it seems 
likely, in view of the different cell types involved in such growths, 
that no single type can provide an index for all tumor activity. 


EXPERIMENTAL 


The data recorded here were obtained from separate analyses 
of one or more tissues removed from 313 mice. Both normal and 
tumor-bearing animals were studied, the latter being produced by 
bilateral inoculation of tumor particles in the axillary region by 
the trocar method. The various groups of mice examined are 
shown in Table I. The animals were permitted access to food and 
water at all times in the course of the experiment. The diet con- 
sisted of a balanced mixture in pellet form, which was supple- 
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mented daily with whole oats. It has previously been shown that 
this diet permits normal growth and development in the strains 
of mice employed. At various times after tumor inoculation, 
each mouse received intraperitoneally 0.1 to 0.3 cc. of an isotonic 
solution of labeled NagHPO, containing 3 mg. of phosphorus per 
ec. The animals were sacrificed at intervals thereafter and the 
tissues removed for analysis. 

The following neoplasms were used: (1) a mammary carcinoma, 
(2) a lymphoma, (3) a lymphosarcoma, and (4) Sarcoma 180. 
The first three tumors were transplanted into mice of the geneti- 
cally uniform A and ABC strains. It has been shown here that 
takes always result in these strains, that regressions do not occur, 
and that death of the animal invariably ensues several weeks after 
inoculation. Sarcoma 180, which was transplanted into a Swiss 
strain of mice, occasionally showed regressions. The lympho- 
sarcoma remains localized and never shows metastases. Sarcoma 
180 rarely metastasizes, while the mammary carcinoma produces 
visceral metastases in about 18 per cent of the cases. Lymphoma 
remains localized in the early periods after inoculation but later 
gives rise to generalized lymphomatosis and leucemia. 

Treatment of Tissuwes—The bilateral tumors were carefully 
dissected and freed from all surrounding tissues. The two tumor 
masses removed from each mouse were placed on fat-free blotting 
paper and their interiors exposed. After the rapid removal of 
all necrotic! or extraneous tissues, the tumors were firmly pressed 
between blotting paper to remove excessive fluids. Immediately 
thereafter they were placed in 95 per cent ethyl alcohol and the 
phospholipids extracted in a manner previously described (5). 
The determination of the radioactivity of this lipid fraction has 
also been noted elsewhere (2). 


1 A variable tendency towards necrosis was observed in the four tumors 
investigated. In addition to degenerative changes, the mammary carci- 
noma was characterized by the formation of cysts containing white caseous 
material. The lymphoma showed little if any tendency towards necrotic 
change in its early stages, although extensive metastases were found in the 
axillary, pelvic, and inguinal glands. Lymphosarcoma also failed to show 
necrotic change in the early stages; in the older tumors, however, soft 
necrotic areas occurred in the center. Sarcoma 180 showed regressive as 
well as degenerative changes. 
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Phospholipid Turnover of Liver and Muscle in Normal Mice 


To obtain the relative phospholipid activity of the four types of 
tumors examined, it seemed desirable to compare them with nor- 
mal tissues as well as with each other. Two normal tissues were 
chosen for this purpose, namely liver and muscle, since it was 
previously demonstrated with radioactive phosphorus that these 
tissues represent high and low phospholipid activity, respectively 
(2, 6). Fig. 1 shows the phospholipid activity of these two tis- 
sues in normal mice. The values were obtained from 100 normal 
animals. As previously noted in the rat (2), the liver is charac- 
terized by a rapid rise in its content of labeled phospholipid, reach- 
ing a maximum very early after the administration of the radio- 
active phosphorus. Muscle showed a much lower activity but 
continued to gain labeled phospholipid through the entire period 
of observation, 150 hours. The similarity in the shape and height 
of the curves obtained for livers of both mice and rats is indeed 
striking. In the rat, the maximum amount of labeled phos- 
pholipid, namely 3 per cent, was deposited in the liver within 10 
hours after ingestion of the phosphorus. In the mouse, the height 
of the curve was observed 10 hours after the intraperitoneal in- 
jection of the labeled phosphorus. The maximum amount of 
labeled phospholipid deposited in the animal was close to 3 per 
cent of the administered phosphorus per gm. of liver. 


Mammary Carcinoma 


The transmissible adenocarcinoma used here was first induced in 
mice of the A strain of Strong (7) by Gardner et al. (8) after pro- 
longed folliculin administration. This neoplasm is a rapidly grow- 
ing one and is associated with late visceral metastases in about 18 
per cent of the cases (9). It grows in cords which tend toward 
gland formation and is indistinguishable histologically from the 
adenocarcinoma of the breast that occurs spontaneously in this 
strain of mice. 

The phospholipid activity of this tumor is shown in Fig. 2. 
Two groups of mice (Table I) were studied; in one the tumors were 
9 days old when the labeled phosphorus was injected, whereas the 
data shown in the lower curve were obtained from tumors 28 days 
old at the zero time of Fig. 2. Mammary carcinoma is char- 
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acterized by a fairly high phospholipid activity. The maximum 
amount of labeled phospholipid deposited by the younger tumor 
was a little more than one-third the maximum amount observed 
for the livers of normal mice, but many times that found in their 
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Fig. 1 Fig. 2 


Fic. 1. The labeled phospholipid content per gm. of liver and muscle 
removed from normal mice. The ordinates represent the per cent of 
administered phosphorus found as phospholipid per gm. of tissue. For 
the meaning of the symbols see Table I. Each point is the mean of four 
separate determinations on the tissues of four mice. 

Fic. 2. The labeled phospholipid content per gm. of mammary carci- 
noma. The ordinates have the same meaning as for Fig. 1. For the 
meaning of the symbols see Table I. Each point is the mean of four 
separate determinations on tumors removed from four mice. 


skeletal muscle (Fig. 1). The early rise and fall—the maximum 
amount of labeled phospholipid was found about 10 hours after 
the P® administration—definitely show that the phospholipid 
activity of this type of tumor bears a greater resemblance to the 
more active tissues such as liver than to the inactive tissues like 


muscle. 
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The curves obtained for the 9 and 28 day-old tumors were not 
alike; they differed most strikingly in the maximum phospholipid 
values found soon after P® injections. The younger tumors had 
an average weight of 0.23 gm. (Table I) and were still actively 
growing, whereas the 28 day-old adenocarcinomas weighed 1.7 
gm. after all extraneous or necrotic tissue had been removed and 
had reached a stage in their development where growth was very 
slow. This raises the question whether phospholipid metabolism 
of a tumor changes with its stage of development. Although it is 
recognized that an answer to this question must await further 
investigation, it should be noted here that the condition of the 
animal rather than the age of the tumor itself may be the factor 
determining the height of the curve, since toxic effects of this 
particular tumor may influence the rate of phospholipid turnover 
by various tissues. The animals in which the 28 day-old tumors 
were present were in much poorer condition than mice containing 
those 9 days old. Indeed, the old tumors had already reached the 
point of exerting lethal effects. 


Lymphoma 


The term lymphoma refers to a lymphoid neoplasm which, when 
transplanted subcutaneously, results in a localized tumor that 
later spreads and produces generalized disease with leucemia (10). 
Takes are uniformly successful and lead to death of the animal in 
4 to 5 weeks after inoculation. 

The phospholipid turnover of this neoplasm is shown in Fig. 3. 
These tumors were 14, 18, and 24 days old when the P® was in- 
jected. They show a less active phospholipid metabolism than 
mammary carcinoma. At the height of the curve, each gm. of 
tumor contained about 0.3 per cent of the injected labeled phos- 
phorus in the form of phospholipid, an amount that is one-half or 
one-third the maximum amount found in mammary tumors. 
The sharp rise and fall that characterized the more active tissues 
are also retained by this lymphoid neoplasm; the maximum was 
attained about 19 to 20 hours (Curves A, B, and C in Fig. 3) 
after the phosphorus injection and was followed by a sharp decline 
in the content of labeled phospholipid. 

A number of these mice received a second injection of radioactive 
phosphorus when the tumors were 18 days old, and it is interesting 
to note that the sharp rise and fall in labeled phospholipid content 
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first observed were roughly duplicated. The growth curve of 
this particular tumor is shown by the broken line in Fig. 3. Since 
Curve A, obtained at a time when rapid growth was occurring, 
resembled Curve B, which was obtained when growth had already 
attained a plateau, it would seem that the characteristic phos- 
pholipid activity of the lymphoma is not related to its particular 
rate of growth. 

Curve C was derived from 24 day-old tumors in mice that had 
received a single injection of labeled phosphorus. The similarity 
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Fic. 3. The labeled phospholipid content per gm. of lymphoma. The 
ordinates have the same meaning as for Fig. 1. For the meaning of the 
symbols see Table I. Each point is the mean of three or four separate 
determinations on tumors removed from the same number of mice. The 
broken line is the growth curve for this tumor. 


in Curves A and C again shows that, so far as this neoplasm is 
concerned, age has no effect on its phospholipid turnover despite 
the fact that the older tumors were close to the time when they 
were exerting their lethal effects upon the mice. 


Lymphosarcoma 


This is a transplantable tumor that does not produce a gener- 
alized disease but remains entirely localized. It spreads quickly 


* This tumor was induced by Dr. W. U. Gardner after prolonged folliculin 
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by continuity and grows to a large size locally. Histologically, 
it consists of round, closely packed cells which resemble the 





lymphoma. 
lo B 
ag 
A 
as) 



































06 “ 
as -- 
a3 
. 
x 
03 yio2 
— 
a2} Fa 
& OM ; 
Ql & | 
0 50 100 1SO 0 .. ea... 
HOURS AFTER P™ ADMINISTRATION HOURS AFTER P” ADMINISTRATION 
Fia. 4 Fig. 5 


Fic. 4. The labeled phospholipid content per gm. of lymphosarcoma. 
The ordinates have the same meaning as for Fig. 1. For the meaning of 
the symbols see Table I. Each point is the mean of two (Curve A) or 
four (Curve B) separate determinations of tumors removed from the same 
number of mice. 

Fic. 5. The labeled phospholipid content per gm. of Sarcoma 180. 
The ordinates have the same meaning as for Fig. 1. Each point is the mean 
of three or four separate determinations of tumors removed from the same 
number of mice. The broken line is a duplicate of the muscle curve shown 
in Fig. 1. @ represents the data obtained on tumors in which no visible 
signs of regression could be detected (see Table I also); O, tumors in which 
spontaneous regression had occurred. 


The data recorded in Figs. 1 to 3 were obtained from experi- 
ments in which the animals received the labeled phosphorus at 


injections. We are indebted to him for the transplant used in this 
investigation. 
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the same time; namely, the zero time interval. The tumors re- 
moved at the end of the experiments were therefore older than 
those removed at earlier intervals, and the increase in age of a 
tumor during the period of observation is shown by the hours 
after P® administration. Curve A (Fig. 4), showing the phos- 
pholipid activity of the 11 day-old lymphosarcoma, was obtained 
by this method of phosphorus injection. The mice shown in 
Curve B were not so treated. In this case the administration of 
the phosphorus was staggered so that the tumors shown in Curve 
B were all of the same age, namely 21 days, at the time they were 
excised. But it should be noted that, while all tumors shown in 
Curve B were of uniform age, the labeled phosphorus was injected 
at different stages in the development of the tumor. 

In its general aspects, the phospholipid metabolism of lym- 
phosarcoma greatly resembles that of mammary carcinoma. At 
the height of Curve B about 0.95 per cent of the injected labeled 
phosphorus was deposited as phospholipid per gm. of tumor tis- 
sue. It was noted above that the maximum amount of the in- 
jected labeled phosphorus incorporated into phospholipid by 
mammary carcinoma was about 1 per cent. Identical curves for 
phospholipid activity were not obtained for 11 and 21 day-old 
lymphosarcomas. Maximum activity was found at about 12 
hours after the P® injection in the younger tumor; the older one 
showed a slower rise, and the peak of the curve was not attained 
until 50 hours after the phosphorus administration. Rapid 
growth in this tumor begins at about 11 days after inoculation and 
the size of the tumor reaches a maximum at about 21 days. 


Sarcoma 180 


This transplantable tumor has been extensively used in experi- 
mental work. It is characterized by rapidity of growth and an 
absence of metastases, but it differs from the tumors recorded 
above in that it shows occasional spontaneous regressions. 

The curve shown in Fig. 5 represents the phospholipid activity 
of 15 day-old tumors in which no visible signs of regression could 
be detected. The time of administration of the radioactive phos- 
phorus was staggered so that all tumors were 15 days old at the 
time they were removed for analysis. In regard to the maximum 
values attained this tumor more closely resembles lymphoma than 
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either mammary carcinoma or lymphosarcoma. At the height 
of the curve, 0.4 per cent of the injected phosphorus was found as 
phospholipid per gm. of tumor. While showing the rapid rise 
found in all three tumors recorded above, it differed from these 
in the rate at which labeled phospholipid left after the maximum 
amount had been deposited. The maximum amount of labeled 
phospholipid was retained for at least 50 hours, and even after 
that its removal occurred slowly. It still differed considerably 
from muscle, however, for‘the latter was gaining labeled phos- 
pholipid at a time when Sarcoma 180 was losing it. 

In a number of mice, tumors in which spontaneous regressions 
had occurred were removed and analyzed for labeled phospho- 
lipid. The values obtained are recorded in Fig. 5. It is apparent 
that spontaneous regression in Sarcoma 180 is associated with a 
definite lowering in its phospholipid activity. 


Phospholipid Turnover of Liver in Tumor-Bearing Mice 


The phospholipid activity of the livers of tumor-bearing mice 
is shown in Fig. 6. Two groups of mice with mammary carcinoma 
were examined; in one the tumors were 9 days old, in the other 
21 days. Normal activity was observed in the livers removed 
from mice containing the 9 day-old tumors. It should be noted 
that at this stage in their development the tumors are small, 
weighing between 0.04 and 0.2 gm. The livers obtained from 
mice bearing 28 day-old mammary carcinoma, 21 day-old lym- 
phosarcoma, and 15 day-old Sarcoma 180 showed a lowered 
activity in the early period after the P® administration. This 
period corresponds to the interval during which the most rapid 
phospholipid turnover is found in normal livers. Between the 
intervals of 50 and 100 hours after the P® administration, the 
content of labeled phospholipid in the liver of mice bearing mam- 
mary carcinoma, lymphosarcoma, and Sarcoma 180 corresponded 
closely with the values observed in normal mice. At this interval 
the rapid rise and fall in phospholipid turnover had already been 
passed; the curve for the phospholipid content of the liver between 
these two times is nearly a straight line, representing a value ap- 
proximating 1 per cent of labeled phospholipid per gm. of liver. 

The livers obtained from mice containing 24 day-old lymphoma 
showed a depressed phospholipid activity per gm. of tissue before 
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as well as after the 50 hour interval following the P® administra- 
tion. It is this tumor that gives rise to generalized lymphoma- 
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Fic. 6. The labeled phospholipid content per gm. of liver removed from 
tumor-bearing mice. The ordinates have the same meaning as for Fig. 1. 
Each symbol is the mean of three or four separate analyses on whole livers 
obtained from tumor-bearing mice shown by corresponding symbols in 
Table I. The broken line is a duplicate of the liver curve for normal mice 
shown in Fig. 1, and is presented here for comparison with the livers re- 
moved from tumor-bearing mice. 


tosis in the later periods after inoculation. The lowered phos- 


pholipid activity per gm. of liver is probably the result of an 
enlargement of the liver (see Table I) by lymphoid infiltration. 
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Each gm. of hepatic tissue is thus diluted with a tumor which, 
as shown above, has a much lower phospholipid activity than the 
tissue it is invading. Other factors undoubtedly play a part in 
depressing the phospholipid activity of the liver in tumor-bearing 
mice; this is shown in the experiments with tumors that did not 
metastasize, although the mechanism involved here is a subject 
for further investigation. 


DISCUSSION 


The phospholipid turnover of four tumors transplanted into 
mice was determined with the aid of radioactive phosphorus. 
They differed in such respects as cell type and rate of growth. 
Two of these produced generalized disease or metastases in distant 
parts, whereas two others remained entirely localized at the place 
of inoculation. Moreover, one of the tumors studied showed 
regressive change spontaneously. A uniform phospholipid ac- 
tivity was not found in the types of tumors examined, an observation 
worthy of note since general views regarding the metabolism of 
tumors have not uncommonly been drawn from investigations 
in which a single type was used. Differences in the extent of the 
phospholipid turnover in the four types of tumor employed were 
as great as, or greater than, those found among normal tissues. 
Thus the activity of lymphoma was only about one-third of that 
found in mammary carcinoma or lymphosarcoma. 

The highest rate of phospholipid turnover was found in the 
mammary carcinoma and in the lymphosarcoma, and judging by 
the maximum amounts of labeled phospholipid deposited after the 
injection of radioactive phosphorus, the phospholipid activity of 
these two tumors was at least twice as great as that observed in 
Sarcoma 180 and lymphoma. Cell type is apparently not a 
decisive factor determining the extent of phospholipid activity, for 
similar activities were found in tumors with such widely differing 
cell patterns as mammary carcinoma, which is epithelial, and 
lymphosarcoma, which is mesothelial in origin. Moreover, the lym- 
phosarcoma was more than twice as active as the lymphoma 
despite the fact that the cells that make up these two lymphoid 
tumors bear a great resemblance to each other. It would therefore 
seem that each tumor pursues its own particular phospholipid 
metabolism and that this is independent of the cell type involved. 
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The general characteristics of phospholipid metabolism in 
tumors may now be considered. These are particularly well 
brought out by comparing the phospholipid turnover of the four 
types of tumors studied here with the phospholipid activity found 
in (1) muscle of normal mice and (2) liver of normal and tumor- 
bearing mice. Although in none of the tumors examined did the 
height of activity approach the maximum activity of the liver, 
the metabolism of these tumors nevertheless bore a greater re- 
semblance to the more active of the normal tissues such as liver, 
kidney, and small intestine than to the less active tissues such as 
muscle and brain. The characteristic feature of the former, 1.e. 
the rapid rise in content of labeled phospholipid very early after 
the administration of labeled phosphorus, was particularly well 
shown by all four tumors. The highest activity observed among 
them all was approximately one-third of that found in livers of 
normal mice, whereas the lowest was about one-tenth. Even in 
cases in which the presence of the tumor had a depressing effect 
upon the phospholipid metabolism of the liver, the phospholipid 
turnover of the latter was still much greater than that of the tumor. 
It is of particular importance to note that the phospholipid me- 
tabolism of these tumors bears no resemblance to that of muscle, 
and this conclusion is strikingly borne out by the finding that 
muscle is still increasing its content of labeled phospholipid at a 
time when all four neoplasms were either rapidly or slowly losing it. 


SUMMARY 


The phospholipid turnover of four tumors was investigated with 
the aid of radioactive phosphorus. These tumors included a 
mammary carcinoma, a lymphoma, a lymphosarcoma, and Sar- 
coma 180. 

1. The phospholipid metabolism of these four tumors was not 
uniform in either height or type of activity. 

2. Cell type is not the factor determining the level of the phos- 
pholipid activity in a tumor. 

3. Judging by the speed with which labeled phospholipid is 
deposited after the injection of P®, the phospholipid turnover of 
tumors bears a greater resemblance to that of the more active 
tissues such as liver, kidney, and intestine than to that of the less 
active tissues like muscle or brain. 
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4. The phospholipid content of the liver is depressed when large 
tumors are present in mice, particularly during the early period 
following the P® administration. The phospholipid activity of 
the liver in normal as well as in tumor-bearing mice is several 
times greater than the highest activity observed in tumors. 


The assistance furnished by the Works Progress Administration 
(Official Project No. 665-08-3-30, Unit A6) is gratefully ac- 
knowledged. Our best thanks are also due to Mrs. Virginia 
Condit Eggleston for assistance in the preparation of the tumor- 
bearing animals used in this investigation. 


BIBLIOGRAPHY 


. Haven, F. L., J. Biol. Chem., 118, 111 (1937). 

2. Perlman, I., Ruben, 8., and Chaikoff, I. L., J. Biol. Chem., 122, 169 
(1937-38). 

3. Changus, G. W., Chaikoff, I. L., and Ruben, 8., J. Biol. Chem., 126, 
493 (1938). 

4. Perlman, I., and Chaikoff, I. L., J. Biol. Chem., 127, 211 (1939). 

5. Kaplan, A., and Chaikoff, I. L., J. Biol. Chem., 108, 201 (1935). 

6. Entenman, C., Ruben, S., Perlman, I., Lorenz, F. W., and Chaikoff, 
I. L., J. Biol. Chem., 124, 795 (1938). 

7. Strong, L. C., J. Hered., 27, 21 (1936). 

8. Gardner, W. U., Smith, G. M., Allen, E., and Strong, L. C., Arch. 
Path., 21, 265 (1936). 

9. Lawrence, J. H., Horn, R., and Strong, L. C., Yale J. Biol. and Med., 
10, 145 (1937). 

10. Lawrence, J. H., and Gardner, W. U., Am. J. Cancer, 38, 112 (1938). 



































DEPOSITION AND UTILIZATION OF FATTY ACIDS 


I. FAT SYNTHESIS FROM HIGH CARBOHYDRATE AND HIGH 
PROTEIN DIETS IN FASTED RATS* 
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The study of many fats in recent years has led to considerable 
systematic information regarding their fatty acid composition. 
Our knowledge has been qualitatively extended into both the ani- 
mal and vegetable kingdoms to such a degree that at present the 
outstanding differences between families and species are clearly 
recognized. Gradual changes paralleling the position in the scale 
of evolutionary development have been suggested (1). 

The mass of data obtained in these investigations has indicated 
the general characteristics for the depot fat composition of several 
species. At the same time, the possibilities of variance in the same 
species have been forcibly demonstrated. Of those factors whose 
effect on the composition of animal depot fat has been studied— 
diet, age, sex, activity, temperature, site of deposition—diet seems 
to be the most significant. The literature on this subject has 
been reviewed recently by Anderson and Williams (2). 

In earlier work on animal fats, fatty acid compositions were 
customarily inferred on the basis of a single analytical value, the 
iodine number. Changes in this number were taken to indicate 
differing proportions of fatty acids. Thus, carbohydrate or pro- 
tein was shown to produce a body fat in the rat approaching an 
iodine value of 60 to 65 (3, 4); the marked effect of food fat upon 
body fat was summarized by an impressive parallel series of iodine 
numbers (3); and the “hardening” influence of high carbohydrate, : 


* Part of these data was presented before the meeting of the American 
Oil Chemists’ Society at Chicago, October 6 to 7, 1938. 
t National Research Council Fellow in the Natural Sciences. 
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low fat diets upon soft fats (of high iodine value) was demon- 
strated by lowered iodine values for body fat of hogs (5) and rats 
(3, 6). 

It is unfortunate that these effects were not demonstrated in 
terms of fatty acid compositions rather than iodine numbers. It 
is not implied that incorrect conclusions were reached in these and 
other similar cases. It is essential, however, to remember that 
the iodine absorption value is only a mean figure and that a single 
value may represent several possible combinations of fatty acids, 
involving both degree of unsaturation and size of the molecule. 

Mendel and Anderson (7) commented on their own work as fol- 
lows: ‘Close similarities between food fat and body fat by no means 
always develop.” They also wrote about such discrepancies in 
the results when coconut oil was fed: ‘Whether this outcome is 
secured by actual desaturation in the organism or by a preferential 
catabolism of the more saturated fatty acids, resulting in a less 
saturated residuum in the fat depots, remains to be ascertained 
by detailed comparisons of the different fatty acids involved.” 

It is indeed surprising that few such comparisons have been 
made. The specific effects of the kind of fat in the diet on the kind 
of fat deposited are generally recognized (6, 8,9). Little is known 
of the effect of the amount of fat in the diet upon the composition 
of the body fat (cf. Spadola and Ellis (6)). Only the general effects 
of carbohydrate and protein on depot fat mentioned above have 
been indicated by previous investigators (3, 4, 10, 11). 

The present study is an attempt to clarify some of the “un- 
knowns”’ in fat metabolism under discussion here by a detailed 
examination of the fatty acids deposited in rats after they have 
been fed diets of known compositions. Specifically, one object 
of the work was to make a comparative study of the fatty acids 
synthesized from diets very low in fat, and high in either carbo- 
hydrate (sucrose or corn-starch) or protein (casein). 

Adult animals were used in most cases and the synthesis of fat 
was measured after a preliminary period of inanition which served 
to reduce their preformed fat stores.' The question naturally 


1 The term preformed fat appears several times in this communication. 
By it is meant the total body fat at an indicated time; it should not be 
confused with dietary fat. Body fat is used here synonymously with 
depot fat, reserve fat, or storage fat to indicate the total acetone-soluble 
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arose as to whether one could assume that the composition of the 
depot fat remained the same during inanition or whether, as it was 
being used to supply the demands of the organism, there was a 
preferential removal of certain of the deposited fatty acids. 
Another objective in these studies, then, was to investigate the 
possibility of differential utilization of fatty acids. 


EXPERIMENTAL 


General Plan of Study—Male albino rats were grown on a stock 
diet of Purina Dog Chow to about 275 gm.; females were raised 
similarly to about 190 gm. The body fat deposited in rats on this 
widely used ration was determined in two groups of animals. 
Those of Group 1 were all males; those of Group 10, all females. 

In several other groups, a period of inanition was used to reduce 
in amount this preformed body fat in order to study the quantity 
and nature of fat synthesized from each carbohydrate and protein. 
In the case of Group 4, all males, inanition was continued until 24 
per cent of their original weight was lost. This lost weight was 
regained in 27 days on Diet 300 in which 84 per cent of the calories 
was contributed by sucrose and 16 by casein, with 4 parts per 
hundred of salts (12). The diet was supplemented daily by 500 
mg. of dried yeast and 1 drop of diluted haliver oil (1:50 in mineral 
oil). Male animals, Group 6, were raised to about 240 gm. on the 
Dog Chow and then fed Diet 300 for the same length of time, 27 
days, as was required by the fasted animals, Group 4, to regain 
their original weight on the same diet. The rats of Group 5, all 
males, were fasted to a 27 per cent loss in weight and then fed a 
very high protein ration, casein 96 parts and salts (12) 4 parts, 
supplemented daily by 500 mg. of dried yeast and 1 drop of the 
diluted haliver oi!. A group of females, Group 20, was again fed 
the original ration, Purina Dog Chow, after a fasting period during 
which the animals lost 30 per cent of their body weight. 

In order to establish the residual amount of preformed body 
fat in fasted animals, and to determine whether it differed in 
nature from the original, Groups 2 and 3, males, were fasted until 
they lost in weight 28 and 17 per cent, respectively. 





glycerides or ‘‘neutral’’ fat (as distinct from phospholipids, cerebrosides, 
etc.) in the entire animal exclusive of the organs and gastrointestinal tract. 
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Groups 18 and 19 were raised from weaning (at 40 gm.) on a low 
fat, high carbohydrate diet, No. 301, which resembled Diet 300 
mentioned above in every way except that corn-starch replaced 
sucrose. Preformed fat stores, however small, were depleted by a 
short period of inanition. At about 165 gm., the animals in Group 
18 were sacrificed and the ones in Group 19 were fasted to a 22 
per cent loss in body weight. Again, it was the purpose of this 
experiment to define in at least a semiquantitative fashion the 
fatty acid formation and deposition on a diet very low in fat (0.2 


TaBLe | 
Average Animal Weights and Treatment 


Group No. fiw a fl Initial weight at Loss in weight a 
gm. gm. per cent gm. 
1 8 251 
2 9 255 182 28 
3 10 268 222 17 
4 10 295 224 24 306 
5 8 269 195 27 267 
6 9 238 282 
10 8 225 
20 7 185 130 30 177 
18 4 67 56 16 164 
19 8 75 64 14 166* 


* These animals were fasted to an average body weight of 129 gm. (22 per 
cent loss in weight). 


to 0.3 per cent) and also the nature of the remaining fatty reserve 
tissue after inanition. 

The average weights of animals in each group at the beginning 
of an experiment, after the preliminary inanition period, and at the 
end of the refeeding period are shown in Table I. 

Method of Obtaining Depot Lipids or Reserve “Fat’’—It was 
desirable to obtain essentially blood-free carcasses and for this 
reason the animals were decapitated. The organs and the com- 
plete gastrointestinal tract were removed, care being taken to 
preserve with the carcass as much of the mesentery and renal 
depots as possible. The carcasses and hides were ground in a 
meat chopper and placed in 3 to 4 liters of redistilled acetone 














{ 
( 
I 
' 
i 
t 


in 











H. E. Longenecker 649 


immediately. For these analyses, the carcasses from each group 
of animals were pooled. Acetone was used because it is an effec- 
tive dehydrating agent as well as lipid solvent. Total extraction 
of lipid material was readily accomplished by simply refluxing the 
wet tissue in three successive 3 liter portions of redistilled acetone 
followed by two 2 to 3 liter portions of peroxide-free ether.2 Most 
of the water present originally in the tissues and a considerable 
fraction of the total lipids were found in the first acetone filtrate 
with decreasing amounts of water in the second and third acetone 
extracts, respectively. In no case did the ether finally remove 
more than 2 gm. of lipids. (That complete extraction of the 
tissue was obtained was shown by alkaline digestion of the residues 
and extraction of only traces (0.1 to 0.2 gm.) of ether-soluble 
material after acidification.) 

The acetone and ether extracts were concentrated under nitro- 
gen or carbon dioxide to prevent oxidative changes. An ether 
solution of the combined extracts was then washed with distilled 
water, the washings being reextracted twice with ether. After 
the extracts were dried with anhydrous sodium sulfate or an- 
hydrous calcium sulfate, the ether solution of the total lipids was 
diluted to a definite volume and aliquots were taken to determine 
the weight of total material extracted. 

The hot acetone extraction was in itself sufficient for the re- 
moval of most of the phospholipids from the carcasses. Their 
extraction along with neutral glycerides and other lipids was 
facilitated in the above procedure by the dilution of the acetone, 
owing to dehydration of the tissues. It was desirable to effect a 
rigorous separation of phospholipids from “neutral’’ glycerides 
which represent the depots. This division was accomplished 
in the usual fashion after concentration of the ether solution of the 
total extract (under N, or CO,). The total lipids were poured 
into 1 to 2 liters of acetone (5 to 10 cc. of acetone per gm. of total 
extract). A precipitate which formed within a few minutes at 
room temperature was centrifuged and the separation of the 
phospholipids completed by repeated additions of small amounts 
of MgCl, in alcoholic solution to the supernatant liquid until no 
more precipitate was obtained. The clear supernatant acetone 


* These solvents are readily freed of the bulk of interfering contaminat- 
ing products by distillation over NaOH. 
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solution was made up to a definite volume and aliquots indicated 
the amounts of “neutral” glycerides (plus some unsaponifiable 
matter) that had been obtained. Data indicating the amounts 
and general] nature of the acetone-soluble lipids may be found in 
Table LI. 

During the separation of phospholipids in the cases of Groups 4, 


TABLE II 
General Characteristics of Total Acetone-Soluble Lipids in Rats 
The animals in Groups 10 and 20 were females; all others were males. 


Acetone-soluble Lead salt separation of 
lipid mixed fatty acids 
+ | | 8 
Cepun| Diet and treatment sz rE . 
'g22) SE Modine solid acids | Liquid acids 
| setl fe | 
| gS? 3? 
gm. A | gm. pa 
1 | Dog Chow | 5.0.294.3 78.320.15 25.259.67 74.8 
2 ” then fasted, 
| 28% loss 1.1/290.6 77.2, 2.14 17.8) 9.85) 82.2 
3 | Dog Chow, then fasted, 17%) 
loss | 3.7/292.3) 77.515.52 23.251.35 76.8 


4 | High carbohydrate Diet | 

| 300 (after a fast, 24% loss)| 10.2285. 4) 62.5 26.75 29.464.45 70.6 
5 | High protein Diet 200 | 

| (afterafast,27%loss) | 10. 5.284. 9 60.328.45 31.761.43) 68.3 


6 | Dog Chow to Diet 300 | 10.7/288.1 68.533.01 35.061.23 65.0 
10 a ” 9.8 292.5) 81.1 25.43 26.072.51 74.0 
a ‘* (after a fast, 30%. 


| 


| 
loss) | 5.3290.5, 76.414.75 30,433.85 69.6 
18 | ae eee eae | 8.4286.2 56.214.91) 31.133.11 68.9 
19 =. then | 

| fasted, 22% loss | 3.9286.4 56.212.39 34.6 23.40 65.4 


* The Rosenmund-Kuhnhenn (13) method was used throughout. 


5, 6, 18, and 19, precautions mentioned previously (9) had to be 
taken to avoid the crystallization of “neutral’’ glycerides, which 
were in all likelihood disaturated glycerides. The rat resembles 
other animals which have small amounts of stearic acid present in 
their depot fats in having correspondingly small amounts of 
trisaturated glycerides (14). 
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Analysis of Acetone-Soluble Lipids—The acetone-soluble lipids 
were examined in detail for fatty acid composition. The fatty 
acids obtained after saponification in aldehyde-free alcohol were 
resolved into two groups by the modified Twitchell lead salt pro- 
cedure (cf. (14)). Nearly quantitative recovery of the acids from 
both the soluble (“liquids”) and insoluble (‘‘solids’’) lead salts 
was effected after their decomposition with an excess of hydro- 


TasLe III 


Composition of Rat Depot Fats 
All values are given in molar percentages. For a brief description of the 
diet and treatment of each group, ef. Table II. 


Group No. 





Acids 
1 2 3 4 5 6 10 20 18 19 

Myristic 1.6; 1.8; 2.0) 3.1) 2.8 2.7) 1.8) 3.1) 2.9) 4.0 
Palmitic 21.6, 21.8) 21.6) 26.7| 29.7) 28.2) 24.4) 23.0) 30.4) 28.8 
Stearic 3.6 3.7, 4.6) 3.6, 3.8) 4.3 3.6) 7.2 4.9) 4.6 
Arachidic 2.0) 1.2) 1.6) 0.4 1.1) 1.2) 0.8) 0.7 0.3 
Tetradecenoic.. 0.3) 0.8} 0.9 1.0] 1.2) 0.3) 1.7) 1.3) 1.9 
Hexadecenoic 4.1 4.8 5.7) 15.6) 15.6 12.2) 4 8 10.0) 13.1) 7.2 
Oleic 51.9| 51.3, 43.4) 47.2) 43.8) 42.0) 44.3] 39.9] 46.0) 51.0 
Octadecadienoic | 13.0) 13.5) 19.2) 2.2) 2.0) 8.0) 18.6) 13.3) 1.4) 2.2 
Arachidonic 2.2) 1.6, 1.1) 0.3) 0.2) 0.2 14 1.1 
Totals | | | 

Cis 1.6} 2.1) 2.8 4.0) 3.8) 3.9) 2.1) 4.8) 4.2) 5.9 

Cre 25.7] 26.6) 27.3) 42.3, 45.3) 40.4) 29.2) 33.0) 43.5) 36.0 

Crs 68.5) 68.5) 67.2) 53.0) 49.6) 54.3) 66.5 60.4 52.3 57.8 

, 4.2 2.8 2.7| 0.7] 1.3) 1.4) 2.2) 1.8] 0.0 0.3 
% saturated 28.8, 28.5 29.8) 33.9) 37.4 36.4) 30.6 34.0 38.2 37.7 
% unsaturated. | 71.2 71.5 70.2) 66.2) 62.6 63.6, 69.4, 66.0 61.8 62.3 





chloric acid. Each group of acids was esterified with dry, recently 
distilled methyl alcohol which was aldehyde-free. 10 to 20 times 
the theoretical amount of methyl alcohol containing 5 per cent 
sulfuric acid as a catalyst was used. Any unchanged fatty acid 
was removed by washing an ether solution of the esters first with a 
5 per cent solution of potassium carbonate and then with distilled 
water until the washings were carbonate-free. Practically com- 
plete (about 98 per cent) esterification was regularly obtained. 
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All solvent distillations from soaps, fatty acids, and esters were 
carried out in a stream of Ne or COs, preferably the former because 
of the lesser effect on subsequent molecular weight determina- 
tions due either to absorption or reaction. 

A 1.5 em. distillation column, No. 15-Ag, packed for 60 em. with 
3 mm. single turn, glass helices was used for the separation of all 
ester mixtures with results as typified in Table III. The column 
(15) was electrically heated and equipped for total condensation 
and partial take-off of the distillate. Its efficient operation in the 
separation of known fatty acid ester mixtures under low pressures 
has led to its use in analyses of such mixtures as are obtained from 
natural fats (cf. Hilditch and Jasperson (16)). 

Use of an efficient fractionation apparatus is imperative in these 
studies for the avoidance of distillate fractions in which one might 
have Cy, Cys, and Cs esters, and for the maximum resolution of 
adjacent groups. Calculation of the composition of a mixture of 
adjacent groups, e.g. Cy, and Cys or Cys and Cs, is quite readily 
accomplished, however, by standard methods (14, 9, 6) and these 
must be resorted to for the inevitable mixtures which result. The 
complete results of all the analyses (cf. Table III) are given in 
molar percentages. All data pertaining to distillations and caleu- 
lations from analytical values of ester fractions have been omitted 
to conserve space. 


DISCUSSION 


Synthesis of Fatty Acids from Carbohydrate and Protein—The 
synthesis of fat from both carbohydrate and protein in adult ani- 
mals is clearly demonstrated in Groups 4 and 5. Fasting of adult 
male rats lowered the total reserves of body fat from 5.0 per cent 
of the total body weight (Group 1) to 1.1 per cent (Group 2). 
The latter figure may fairly be taken as an index of the amount of 
preformed fat in Groups 4 and 5 at the time the high carbohydrate 
and high protein rations were fed. It is then possible to calculate 
the amount of fat laid down as a direct result of feeding these 
rations. In the case of Group 4, the fat deposited amounted to 
35.1 per cent of the total weight regained. The animals in Group 
5 similarly deposited 36.1 per cent of the total gain as neutral fat. 
These percentages represent 20 to 30 times the maximum amount 
of lipids present in the total ration consumed during the refeeding 
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period. Thus more than 95 per cent of the lipids deposited 
during the refeeding period (about 4 weeks) has resulted from the 
non-lipid energy-yielding constituents, carbohydrate and protein. 
It may be observed that practically the same fat synthesis was 
obtained from protein as from carbohydrate. 

Synthesis of fat from carbohydrate is an old observation (17). 
Likewise, the production of sugar from protein was demonstrated 
long ago (18). It would seem to follow from these facts that pro- 
tein should be convertible into fat. The actual demonstration of 
such conversion, however, has met many experimental difficulties. 
Mitchell and Hamilton (19) after thoroughly considering the 
earlier literature reached the following judgment: “a clear cut 
demonstration of the production of fat from protein in the higher 
animals has not yet been reported.” 

The final fatty acid compositions obtained for Groups 4 and 5 
represent a small amount of preformed fat, “synthetic” fat derived 
from carbohydrate and protein, and possibly some lipid deposited 
directly from the small amount in the ration. The composition 
of the preformed fat residing in the tissues after the preliminary 
inanition may be assumed to approximate the original (cf. later 
discussion) and that present in the fat of the diet may be deter- 
mined in the usual fashion. Using these figures one can readily 
obtain a composition for the synthetic fat. A close approximation 
which is not significantly different from that for the animals of 
Group 18, raised on a low fat-high carbohydrate diet from wean- 
ing, may be made by considering only the residual preformed fat 
and the final extract obtained. 

The nature of the fatty acid mixture which was formed in these 
cases from protein and carbohydrate is indeed interesting. It is 
evident (cf. Table III) that high amounts of Cys acids (40 to 45 per 
cent) are present in such synthetic fat. Particularly striking is 
the high amount of the mono unsaturated Cy. acid, sometimes 
referred to as palmitoleic acid but preferably called hexadecenoic 
acid to avoid confusion (cf. (16)). In Groups 4 and 5, the values 
for this acid reached the extraordinary figure of 15.6 per cent of the 
total mixed acids, and in Group 18, 13.1 per cent was attained. 
The animals changed from a Dog Chow ration directly to the high 
carbohydrate diet increased their deposits of palmitoleic acid 
from 4.1 (Group 1) to 12.2 per cent (Group 6). 
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It is somewhat puzzling that this increase was so marked. The 
Dog Chow itself is high in digestible carbohydrate and protein. 
Analyses of the ration show an average lipid content of about 5 
per cent, whereas the diets used here were much lower in fat. It 
is possible that in some unknown manner this may be the deter- 
mining factor. Further experiments are in progress to test the 
point. Spadola and Ellis (6) obtained results very similar to the 
ones listed above. With a diet very similar to the one used here 
for Group 18, they found 14 per cent of the mixed acids as hex- 
adecenoic acid. Replacement of 8 per cent of the dextrin in their 
diet by fat lowered the amount of this acid, and the decrease 
appeared to be related to the amount of linoleic acid in the in- 
gested fat. 

Hexadecenoic (Palmitoleic) Acid in Animal Depot Fats—Hex- 
adecenoic acid has for some years been recognized as a well char- 
acterized constituent of whale (20) and fish (21) oils. Its probable 
occurrence in the body fat of white rats was suggested by Banks, 
Hilditch, and Jones (22) and soon confirmed (23, 24, 6, 8, 9). 
That it is not a peculiar acid found only in rare species is further 
indicated by the discovery of it in the depot fats of a wider variety 
of animals; e.g., amphibians and reptiles (23, 25, 26), birds (27), 
and such higher land animals as the cow (14, 28) and pig (29). 
More than passing reference need not be made here to its generally 
recognized occurrence in liver (cf. (29)) and milk fats (24, 30). 

This previous evidence of its general occurrence in animal fats 
together with the data presented here showing the marked effect 
of the type of diet on the relative amount of hexadecenoic acid 
makes it desirable to investigate other species for similar effects. 
It is clear that considerable quantities of hexadecenoic acid have 
been synthesized from carbohydrate and protein in addition to the 
well recognized oleic acid. It is, perhaps, premature to do more 
than call attention to a possible relation between carbohydrate 
and protein metabolism and the formation of this Cy. unsaturated 
acid. 

In most previous writings on the occurrence of hexadecenoic 
acid in animal depot fats it has been considered a minor con- 
stituent except in the marine fauna. Certainly the cases reported 
here make it necessary to consider its inclusion among the major 
component acids which are variable, as, for example, linoleic 
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(octadecadienoic) acid whose presence depends upon dietary 
habits of the animal. 

Utilization of Fatty Acids during Inanition—It might be ex- 
pected, a priori, that unsaturated fatty acids being more suscep- 
tible to oxidation in vitro than saturated fatty acids would be first 
utilized in vivo as the organism uses its stores of fat to meet the 
energy requirements imposed by inanition. One might reason 
with equal force that the utilization of the fat reserves for energy 
would result (by desaturation) in the production of more highly 
unsaturated molecules prior to their ultimate complete oxidation. 
The first idea is more readily subjected to experimental test than 
the second, for if any one particular fatty acid or types of fatty 
acids are burned in preference to the others, then the molar 
distribution of the acids before and after utilization of depot fats 
should clearly reveal the fact. The second case, however, might 
easily be complicated by a chain reaction completely removing 
any more unsaturated acids by immediate complete oxidation, 
which would have the effect of nullifying an opportunity for 
detecting them by this method of final fatty acid compositions. 
Such chain reactions would not present a complication in the 
former case. 

In examining the fatty acid compositions of depot fats from the 
groups of fasted rats (Groups 2, 3, and 19), one may find an indi- 
cation of the processes that are operative. Some changes in the 
make-up of the acid mixtures is apparent, but it is equally obvious 
that these cannot yet be taken as evidence for either of the above 
hypotheses. Thus the composition of Group 2, fasted to a 28 
per cent loss in body weight, is scarcely altered from that of Group 
1 which was comparable in all respects (age, weight, diet, sex) 
except for the period of inanition. The animals of Group 19 were 
likewise comparable with those of Group 18. They show some 
evidence of change, with definitely lower amounts of palmitic and 
hexadecenoic acids and higher amounts of the Cis unsaturated 
acids.* This change was not, however, indicated by the iodine 


* The case of Group 3 might be cited also to indicate an increase in Cis 
unsaturated acids were it not for the fact that these animals were some- 
what older than those of Groups 1 and 2. Some evidence of increasingly 
higher amounts of octadecadienoic acid in older animals was found during 
this work. The evidence is being checked further at the present time. 
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numbers of the acetone-soluble lipids obtained (cf. Groups 18 and 
19, Table II), which result was very similar to that obtained by 
Reed, Yamaguchi, Anderson, and Mendel (11) on fasting their 
starch-fed group of animals. 

Some Typical Features of Rat Depot Fat—These analyses extend 
several previous observations on the nature of the rat’s reserve 
fat. Its composition appears to be regulated by the amount and 
type of fat present in the diet to an extent not previously under- 
stood. When fat is essentially lacking in the ingested food, the 
major component acids are oleic, palmitic, and hexadecenoic, the 
minor components being myristic and tetradecenoic, stearic and 
octadecadienoic, arachidic and arachidonic acids. With a 5 per 
cent fat ration containing octadecadienoic acid such as the Dog 
Chow used here, oleic, palmitic, and octadecadienoic acids are the 
major components, hexadecenoic acid being found among the 
minor components. The octadecadienoic acid is apparently 
directly deposited. 

The threshold level for saturated acids which Barbour (31) 
considered 25 to 27 per cent was reinterpreted by Longenecker 
and Hilditch (9) to be more nearly “seven to ten units higher.” 
This latter interpretation is substantiated in the present work. 
It is fully appreciated that exceptional conditions, e.g. feeding 
diets unusually high in saturated acids of low molecular weight 
(8), will raise this level appreciably. The tendency, however, 
is to restrict the saturated acids to 35 to 37 per cent of the total 
mixed acids. 

Rat body fat is peculiarly characterized by its relatively low 
proportions of stearic acid (about 4 per cent). This acid is 
notably variable in amounts in different animals (cf. (14)). When 
it forms only 5 to 10 per cent of the total acids, glyceride structure 
studies of the entire fat have indicated an even distribution of 
the component fatty acids (22, 32). 


SUMMARY 


1. Fat deposition in rats was studied to determine the molecular 
distribution of fatty acids when the animals were under known 
dietary regimens. On a 5 per cent fat ration in which linoleic acid 
was present, the animals regularly laid down a reserve fat in which 
oleic, palmitic, and linoleic acids predominated. 
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2. Direct experimental evidence of fatty acid synthesis from 
both carbohydrate and protein was obtained. Adult, fasted 
rats, refed high carbohydrate or high protein diets, synthesized 
large quantities of fat. One-third of their total gain in weight 
during the refeeding period was deposited as fat. It was shown 
that at least 95 per cent of this fat was derived from the non-lipid 
constituents of the ration. 

3. When depot fat was synthesized from carbohydrate or pro- 
tein, the molar distribution of fatty acids was strikingly different 
from that when 5 per cent fat was present in the food. Acids of 
the Cy. series totaled 40 to 45 per cent in the body fat derived from 
non-lipid dietary sources but only 25 to 30 per cent from the 5 
per cent fat ration; whereas, the total Cis acids were 50 to 55 
per cent and 67 to 68 per cent, respectively. Unusually large 
amounts of hexadecenoic acid (13.1 to 15.6 per cent) were present 
in the “synthetic” body fat. Small amounts (about 4 per cent) 
of the Cis unsaturated acid and directly deposited linoleic acid 
(about 13 per cent) in fat formed on the 5 per cent fat ration ac- 
counted for the differences. 

4. Only slight changes in the proportions of the component 
fatty acids were observed when depot fats were utilized by fasting 
animals to 15 or 25 per cent loss in weight. 

5. A tendency to restrict the saturated acids to about 36 per 
cent of the total acids was observed. 


For his kind hospitality and friendly counsel, the author is 
deeply indebted to Dr. R. G. Sinclair. The suggestions of Dr. 
C. G. King in the preparation of the manuscript are gratefully 
acknowledged. 
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EFFECT OF THYROID FEEDING AND THYROIDECTOMY 
ON THE OXIDATION OF AMINO ACIDS BY RAT 
KIDNEY AND LIVER* 


By J. R. KLEIN 


(From the Department of Biochemistry, Duke University School of Medicine, 
Durham, North Carolina) 


(Received for publication, December 9, 1938) 


It has been shown that the rate of oxidation of a mixture of 
a-naphthol and dimethyl-p-phenylenediamine by liver and kid- 
ney is decreased in hypothyroidism (1, 2). Thyroidectomized 
pups and lambs were used. The literature concerning the effect 
of hyperthyroidism and hypothyroidism upon the rate of oxida- 
tion of various substrates by other tissues is summarized by 
Gerard and McIntyre (3), McEachern (4), and Cohen and 
Gerard (5). 

The present study was made in order to establish whether 
changes in the metabolism of the intact animal, induced by thy- 
roid feeding or thyroidectomy, produce changes in the rate of 
oxidation of amino acids by kidney and liver. 


Methods 


Hyperthyroidism was produced in albino rats by thyroid feed- 
ing. Usually 2 grains of dried thyroid were fed daily for 5 to 7 
days. Hypothyroidism was produced by thyroparathyroidec- 
tomy. The animals were used several months after the operation. 
Both sexes were employed. The animals weighed from 180 to 
220 gm. when finally used. The control and hypothyroid rats 
were fasted from 18 to 20 hours before use, the hyperthyroid 10 
to 12 hours. The metabolic rate of the sleeping, intact animal 
was determined by the method of Marquand (6). 


* The data in this paper were taken from the thesis presented by J. 
R. Klein to the Graduate School of Arts and Sciences of Duke University 
in May, 1939, in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy. 
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Broken cell preparations of liver and kidney were prepared by 
grinding the tissues with sand and 0.06 m phosphate buffer (pH 
7.8). The resulting mixtures were squeezed through coarse 
muslin. 


EXPERIMENTAL 


The rate of oxidation of d-amino acids by broken cell prepara- 
tions of liver from control and hyperthyroid rats was determined. 
The preparations used were able to deaminate the amino acids 
but not able to oxidize the deaminated residues. The rates were 
determined by measuring the oxygen consumptions in the War- 
burg apparatus. The data obtained are presented in Table I. 

Table I shows that the preparations made from the livers of 
hyperthyroid rats oxidize d-amino acids at a greater rate than 
those from the livers of control rats. This indicates that the 
increase in the rate of metabolism produced by thyroid feeding is 
accompanied by an increase in the concentration of the d-amino 
acid oxidase of rat liver. 

The rate of oxidation of d-amino acids by broken cell prepara- 
tions of liver from control and thyroidectomized rats was meas- 
ured. A higher concentration of tissue (0.3 gm. plus 1 ml. of 
buffer) was used than in the experiments given in Table I (0.2 
gm. plus 1 ml. of buffer). This was done in the hope of accen- 
tuating the difference between the rates with preparations from 
control and hypothyroid animals. The data obtained are pre- 
sented in Table II. Since the rate of oxidation was found to 
be not directly proportional to the concentration of tissue, the 
data in Tables I and II are not directly comparable. 

Table Il shows that the rate of oxidation by liver of d-amino 
acids is decreased in hypothyroidism. This indicates that the 
decrease in the rate of metabolism produced by thyroidectomy 
leads to a decrease in the concentration of the d-amino acid 
oxidase in rat liver. 

The rate of oxidation of d-amino acids by broken cell prepara- 
tions of kidney from control, hyperthyroid, and hypothyroid 
rats was measured. No difference in the rate was found between 
the preparations of kidney from the control and the other groups. 
The concentration of tissue was 0.03 gm. plus 1 ml. of buffer. 
Broken cell preparations of kidney and liver oxidize, with a few 
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exceptions, only d-amind acids. Slices of kidney and liver oxi- 
dize both d- and l-amino acids (7, 8). Therefore, in order to de- 
termine the effect of the change in the rate of oxygen consumption 
of the intact animal upon the rate of oxidation of l-amino acids, 
experiments with tissue slices were done. For comparison with 


TABLE | 
Rate of Oxidation of d-Amino Acids by Broken Cell Preparations of Liver from 
Control and Thyroid-Fed Rats 
The concentration of liver was 0.2 gm. plus 1 ml. of buffer. Each vessel 
contained 1 ml. of this preparation. The concentration of amino acid was 
0.018 m. The inset contained alkali. The final volume was 2 ml. The 
values for the oxidation of the amino acids are the differences between the 
oxygen uptakes with and without amino acids, expressed as c.mm. per hour. 


Ami i 
Metabolic rate Amino acid 


Rat No. of intact 


i ] d(—)- . d(—)- d(+)- 
— Isoleucine d(—)-Valine aiheiee Pheny - a 
Controls 
ml. per hr. 
per kg. 
l 976 45 45 68 91 
2 932 31 31 44 67 
3 980 30 34 45 68 
4 895 52 54 74 93 
5 936 31 35 39 
Mean. 974 38 40 54 61 
Hyperthyroid rats 
l 1522 98 110 141 159 
2 1610 66 76 06 126 
3 1470 56 65 86 121 
4 1722 80 88 124 150 
5 1839 O7 103 143 116 
Mean ; 1632 79 88 118 134 


the data obtained with broken cell preparations the rate of 
oxidation of d-amino acids by slices was also determined. Oxygen 
uptakes and urea production by liver slices in the presence of d- 
and l-amino acids were measured. While the data suggest that 
the liver slices from hyperthyroid rats oxidize both isomers of the 
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amino acids at a greater rate than those from control rats, the in- 
dividual variations were too great to warrant definite conclusions. 
Experiments with slices of kidney cortex from the three groups of 
rats did not indicate any unequivocal differences in ability to 
oxidize d-, l-, or dl-amino acids. 


TasBe II 
Oxidation of d-Amino Acids by Broken Cell Preparations of Liver from Control 
and Thyroidectomized Rats 
The concentration of liver was 0.3 gm. plus 1 ml. of buffer. The other 
details were the same as indicated in Table I. 


























Metabolic rate Amino acid 
Set) Se Nowak Lace | ae. Ac, an ce 
” Isoleucine | d(—)-Valine Alanine Phenylalanine 
Controls 
eet ae - Ey 
per kg. 
1 988 72 75 96 
2 948 98 100 128 
3 o | 7 | 6 85 
4 893 75 78 85 
5 932 69 77 100 134 
6 | 804 68 | = 67 4% | 140 
7 952 78 80 90 143 
a De eGhwe he a UO ete ee 
Mean......| 990 | 7 | 7 | 9 | ~~ 189 
Hypothyroid rats 
1 70 2«2|O6|lClC]ttids|CtéSDF: 69 
2 721 | 59 55 S4 
3 709 50 53 62 
4 730 65 60 80 
5 765 60 63 78 120 
6 788 59 58 75 123 
7 824 | 59 58 75 118 
Mean...... 755 | 58 59 75 | 120 


The addition of thyroxine or thyroglobulin in vitro did not 
change the rate of oxidation of amino acids by broken cell prepa- 
rations, or by slices of kidney or liver. 


The help and criticism given during the course of this work 
by Dr. W. A. Perlzweig is gratefully acknowledged. 
































J. R. Klein 663 


CONCLUSIONS 


The increase in the rate of metabolism of rats produced by 
thyroid feeding is accompanied by an increase in the concen- 
tration of d-amino acid oxidase of liver, but not of kidney. The 
decrease in the rate of metabolism following thyroidectomy is 
accompanied by a decrease in the concentration of d-amino acid 
oxidase in liver, but not in kidney. 
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Results reported in the first paper of this series (1) indicated 
that either cystine or methionine may be the precursor of taurine 
in the dog. It is easily seen that decarboxylation and oxidation 
may change cystine to taurine. This has been done in vitro (2). 
The change from methionine to taurine seems more complex. 
Until quite recently it appeared that a possible explanation could 
consist of a replacement of cystine by methionine somewhere in 
the organism, thereby liberating a cystine molecule for transfor- 
mation to taurine. The papers of Dawbarn (3) and of Beach and 
White (4), however, present fairly direct evidence that methionine 
may actually be changed to cystine in the body. If this change 
does occur, it appears that demethylation is probably the first 
step in the process. Such demethylation would produce homo- 
cysteine. This substance on oxidation would form homocystine. 
Evidence for the biological formation of homocystine from methi- 
onine has come from several sources (5). If both homocystine 
and homocysteine are changed to cystine, it is conceivable that 
they might both be able to form taurine. Our experiments, how- 
ever, indicated that homocystine was not easily changed to 
taurine. This could be accounted for by assuming that homo- 
cysteine is the intermediate between methionine and cysteine, 
while homocystine followed some other path of oxidation. If 
this assumption is correct, homocysteine and probably cysteine 
should be able to form taurine. To obtain evidence concerning 

* Grateful acknowledgement is made for the aid of a grant to one of the 


authors (R. W. V.) from the Committee on Scientific Research, American 
Medical Association. 


665 








F 





666 Production of Taurocholic Acid. IV 


this possibility it was decided that bile fistula experiments should 
be carried out with use of homocysteine and cysteine. Thio- 
glycolic acid was used as a control sulfhydryl compound. 


EXPERIMENTAL 


It is accepted that cholic acid is the limiting factor in the for- 
mation of taurocholic acid (6). However, under proper condi- 
tions taurine may become the limiting factor. These conditions 
require that an excess of cholic acid over taurine be present in 
the liver. To obtain this excess, as in previous experiments, we 
depleted the livers of bile fistula dogs of their taurine by fasting, 
and by feeding 6.7 milliequivalents of cholic acid daily to each 
animal to cause formation of taurocholic acid from whatever 
taurine might be in the liver. The conjugated material was then 
presumably excreted in the bile. When the excretion of tauro- 
cholic acid had fallen off after 2 days of this régime, 6.7 milli- 
equivalents of a sulfur-containing compound were given with the 
cholic acid on the 3rd day to see whether the dog could form 
taurine from the substance administered, and conjugate it with the 
cholic acid to be eliminated as extra taurocholic acid in the bile. 
The bile was collected at 24 hour intervals, just before the cholic 
acid was given. The urines were obtained by catheterization. 

Homocystine was prepared from dl-methionine according to the 
modification by Brand et al. (7), of the method of Butz and du 
Vigneaud (8). This was reduced to homocysteine by heating with 
tin dust and hydrochloric acid. The tin was precipitated by 
passing in a stream of hydrogen sulfide, and the hydrogen sulfide 
was removed with a stream of carbon dioxide. The homocysteine 
solution so prepared showed a sulfhydryl content of from 96 to 
102 per cent of the sulfur present, when titrated with iodine. 
Since these values represented a practically quantitative reduction 
of the homocystine, the amount of solution to be injected into the 
dogs was based on the sulfhydryl content as determined by 
iodometric titration. The solution was neutralized with sodium 
hydroxide just before injection. Cystine was prepared from 
human hair, and the /-cysteine used was prepared from the l[- 
cystine by the method just described for the reduction of homo- 
cystine to homocysteine. The volume of cystine solution that 
was used was determined iodometrically, assuming a quantitative 
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reduction of cystine to cysteine by the tin and hydrochloric acid. 
The thioglycolic acid was purchased from the Eastman Kodak 
Company. The commercial product was redistilled and analyzed 
for total sulfur by an alkaline fusion followed by a gravimetric 
determination as barium sulfate. The sulfhydryl content was 
determined iodometrically. The disulfide content was determined 
by reduction with zine and hydrochloric acid followed by iodo- 
metric titration and subtraction of the sulfhydryl value. The 
composition of the material used was as follows: 


C:H,O.8. Calculated. S 34.75, —SH 35.83, —SS— 0.00 
Found. kk... wae 


The sulfhydryl content was 87 per cent of the theoretical value. 
Some difficulty was encountered on administration of this sub- 
stance. The material was fed in a gelatin capsule after neutraliza- 
tion, but was promptly vomited. The next three times the 
thioglycolic acid was neutralized and injected intravenously, 
but in each case the effect was to cause vomiting of the cholic 
acid which had been fed. This occurred even when the injection 
of thioglycolic acid was delayed as long as 2 hours after feeding 
cholic acid, in which case the vomitus appeared to have come 
from the intestine. The successful experiments, for which 
protocols are given in Table I, were accomplished through use of 
subcutaneous injections of a neutralized solution of thioglycolic 


acid. 
The analytical methods used have been described previously (1). 


Results 


Homocysteine—The results shown in Table I obtained from the 
urine of Dogs 39, 50, and 52 indicate that sulfur of homocysteine 
is rather readily oxidized to sulfate. Not a great deal of the sulfur 
of homocysteine was recovered, however, especially in the case 
of Dog 50. There will also be seen an increase in organic sulfur 
values on experimental days, but these increases were smaller 
(except with Dog 50) than those found in the sulfate fraction of 
the urine. No significant change in the excretion of disulfide 
sulfur was observed. The urinary sulfur partitions are much 
like those found after administration of homocystine to dogs (1). 
The taurocholic acid output was augmented after the administra- 
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TABLE I 





Urinary Sulfur Partitions and Taurocholic Acid Production Following 
Administration of Cysteine, Homocysteine, and Thioglycolic Acid to Dogs 


Each animal was fed 6.7 milliequivalents = 2.8 gm. of cholic acid daily. 





46 


48 


39 


52 


Day 


RON’ RON & wD 


eww & WOW eK & We 


one & WS We 


| 


te. 
12.0 


10.4 
14.0 


12.1 


11.1 
15.0 


13.0 
10.6 


9.8 


14.5 


13.2 
15.9 


14.1 


| Weight 


Total 
N 


45 


47 
31 
43 


— Oe OO om om OO RD OO 


SESEREN 


"PSS Sena SS 
SERSSSREN 


10.24 
5.88 
6.52 
5.28 
5.85 
5.40 
5.75 
5.23 


Total 
5 


mg. 
142 
177 
238 
182 
242 
244 
306 
205 
260 
270 
341 
168 


205 
202 
271 
232 
396 
393 
413 
337 
150 
170 
267 
188 | 


462 
314 
501 
340 
319 
280 
548 
281 


neutralization with sodium hydroxide. 
+ 6.7 milliequivalents of cysteine (0.8 gm.) were given intravenously 
after neutralization with sodium hydroxide. 
t 6.7 milliequivalents of homocysteine (0.9 gm.) were given intravenously 
after neutralization with sodium hydroxide. 
§ 6.7 milliequivalents of thioglycolic acid (0.65 gm.) were given subcu- 
taneously after neutralization with sodium hydroxide. 
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Sulfate Organic 
8 8 


mg. 
41 
82 
143 
86 
146 
143 
196 
97 
163 
174 
235 
82 


92 
107 
157 
111 
229 
279 
284 
225 

65 

84 
154 
104 


321 
194 
342 
170 
204 
171 
398 
171 


| 


mg. 
101 
95 
95 
96 
96 
101 
110 
102 
97 
96 
106 
86 


113 
95 
114 
121 
167 
114 
129 
112 
85 
86 
113 
84 


141 
120 
159 
170 
115 
109 
150 
110 


ssS— 
5 


mg. 


of Or oe & OF 


i) 


non oro 


ms — — 
Nwoornt of OOo f# We 


_ 
oornanw na = 


Tauro- 
cholic acid 


mg. 
1664 
320 
828* 
340 
1246 
605 
1283* 
490 
1485 
566 
1288t 
702 


2157 
641 
1350t 
503 
1372 
805 
1397t 
911 
624 
346 
975t 
631 


3376 
2953 
1375§ 
1245 
2293 
1976 
1984§ 
1610 


*6.7 milliequivalents of cysteine (0.8 gm.) were given orally after 
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tion of homocysteine to these animals. This finding is in dis- 
tinct contrast to the effect produced by the administration of 
homocystine (1). 

Cysteine—The administration of cysteine to bile fistula dogs 
was followed by results which are quite similar to those obtained 
after cystine (1). The urinary sulfur partition for Dogs 39, 46, 
and 48 in Table I show that most of the extra sulfur excreted on 
the experimental days appeared in the sulfate, or oxidized frac- 
tion. The excretion of taurocholic acid was augmented on ad- 
ministration of cysteine. No appreciable difference was noted 
in the excretion of disulfide sulfur. 

Thioglycolic Acid—A greater percentage of the sulfur adminis- 
tered was recovered in the urine after giving thioglycolic acid 
than after administration of either cysteine or homocysteine. 
(See Hill and Lewis (9) for a discussion of recovery values greater 
than 100 per cent.) By far the larger part of this increase was 
in the sulfate fraction of the urine. Dogs 54 and 55 eliminated 
about 80 per cent of the extra sulfur as sulfate. Definite rises in 
excretion of disulfide sulfur appeared, but these account for only 
a small proportion of the sulfur administered, and are quite 
likely due to oxidation of the sulfhydryl form of some thioglycolic 
acid to the disulfide form. Thioglycolic acid, in contrast to cys- 
teine and homocysteine, failed to cause an increased output of 
taurocholic acid in the bile. When administered subcutaneously 
after having been neutralized, the doses of thioglycolic acid we 
used caused a temporary local irritation but gave rise to no ap- 
parent toxicity. 


DISCUSSION 


Several reports that cystine and cysteine may have different 
paths of metabolism in the mammalian organism have appeared 
in the past few years. Brand, Cahill, and Harris (10) observed 
that a cystinuric patient was readily able to oxidize cystine to 
sulfate, but that the same patient excreted most of the cysteine 
fed as extra urinary cystine. Lewis, Brown, and White (11) 
made observations of a similar nature on a subject with cystinuria, 
although they found a smaller proportion of ingested cysteine 
excreted as urinary cystine than did Brand et al. More recently, 
Kassell, Cahill, and Brand (12) studied the metabolism of lactal- 
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bumin and of reduced lactalbumin in a case of cystinuria. A 
larger amount of extra cystine was excreted after feeding reduced 
lactalbumin which contained 2.5 per cent cysteine than after 
feeding lactalbumin which contained no cysteine. They con- 
clude that, “Cystine and cysteine, as part of the same protein, 
behave as two different amino acids with separate catabolic 
pathways. There are probably separate mechanisms for the 
oxidation of S—S and —SH compounds.” 

Evidence supporting this last sentence was found in earlier 
work by Brand, Cahill, and Block (7) in which the metabolism 
of homocystine and homocysteine was investigated in a case of 
cystinuria. The sulfur of homocystine, like that of cystine, 
was almost completely oxidized to sulfate. Homocysteine, how- 
ever, like cysteine, was excreted largely as extra urinary cystine. 
Our results support the contention of Brand that sulfhydryl and 
disulfide compounds have different paths of catabolism so far as 
homocystine and homocysteine are concerned. We find that 
homocysteine was apparently changed to taurine, while homo- 
cystine was not. If methionine is changed to taurine by de- 
methylation as the first step, it would appear that oxidation of the 
homocysteine to homocystine must be prevented. Our observa- 
tions do not support the idea that cystine and cysteine have 
different metabolic paths, for both substances gave rise to extra 
taurine. Since taurine formation is only one phase of sulfur 
metabolism, these results do not necessarily prove that cystine 
and cysteine may not be metabolized somewhat differently, nor 
are they necessarily in disagreement with the hypothesis that these 
two amino acids may be metabolized by different pathways in a 
cystinuric individual. 

One outstanding question that arises here remains unanswered. 
If homocystine is changed to cystine in the course of metabolism, 
and if cystine gives rise to taurine, why does homocystine not 
give rise to taurine? It does seem likely that the series methi- 
onine-homocysteine-cysteine-taurine may be one path of catab- 
olism of methionine. 

Evidently some factor other than sulfhydryl stimulation is 
required for formation of taurine, for thioglycolic acid failed to 
increase the taurocholic acid output. Smith (13) in an early paper 
reported that about one-sixth of the sulfur of the ammonium 
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salt of thioglycolic acid was oxidized by the dog. He fed 9 gm. 
of thioglycolic acid over a period of 3 days, and found the sub- 
stance quite toxic. Hill and Lewis (9) observed that the sodium 
salt of thioglycolic acid, given orally or subcutaneously to rabbits, 
was toxic, but that slightly more than half of the extra sulfur 
recovered in the urine had been oxidized. Our dose per kilo 
was somewhat smaller than that used by either group of workers 
mentioned, and we found that the sulfur was as readily oxidized 
to sulfate as that of cystine. 


SUMMARY 


1. Cholic acid was fed to fasting bile fistula dogs for 2 days to 
enhance their output of taurocholic acid, and thereby deplete 
their livers of taurine. When homocysteine was injected in- 
travenously on the 3rd day, at the same time the cholic acid was 
fed, the output of taurocholic acid increased. 

2. When cysteine was fed or injected intravenously at the same 
time the cholic acid was fed, the excretion of taurocholic acid 
increased. 

3. Thioglycolic acid injected subcutaneously at the time of 
feeding cholic acid failed to increase the excretion of taurocholic 
acid. 

4. Under the conditions of our experiments the dog could evi- 
dently change homocysteine or cysteine to taurine, but could not 
form taurine from thioglycolic acid. 

5. The greater part of the extra urinary sulfur from thioglycolic 
acid administered subcutaneously, from homocysteine given in- 
travenously, or from cysteine given orally or intravenously was 
oxidized to sulfate by the dog. 


The authors wish to thank Dr. R. W. Whitehead of the Uni- 
versity of Colorado Medical School for his cooperation in making 
available facilities for carrying out these experiments. 
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